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PREFACE 

The Idaho National Engineering Laboratory (INEL), located in southeaster:: Idaho, is a 
government-owned reservation managed by the U.S. Department of Energy (DOE); it was 
listed on the National Priorities List (NPL) of the Comprehensive Environmental Response, 
Cnmnnncatinn snr( I hhilihr Art nf j$ga ICFRCI A\ in Nnvemher !OgO. --.. .r”..“....-. !, . . .- --” . . . . . .-. . . , - -. . _ - ., . . - . -. .- -. 

In accordance with the requirements of CERCIA, the Environmental Protection Agency (EPA), 
and the State of Idaho, Department of Health and Welfare (IDHW) negotiated a Federal 
Facilities Agreement/Consent Order and Action Plan [hereinafter referred to as the FFA/CO]. 
This agreement describes the methods by which DOE, EPA, and IDHW will implement 
CERCLA and Resource Conservation and Recovery Act (RCRA) corrective action activities at 
INEL release sites. 

The exterior Industrial Waste Ditch (IWD) at the Naval Reactors Facility (NRF) Waste Area 
Group (WAG) 8 at the INEL has been identified as an operable unit pursuant to the FFA/CO. 
NRF and the IWD did not qualify for listing on the NPL as individual sites, but were included 
with other INEL sites in the FFA/CO. The general purposes of this agreement are to: 

1) Assure that past and present activities at NRF are thoroughly investigated and 
that appropriate removal and remedial action(s), if any, are taken as necessary 
to protect the public health, welfare, and the environment. 

2) Establish a procedural framework and schedule for developing, implementing, 
and monitoring appropriate response actions at NRF in accordance with 
CERCLA and the National Contingency Plan (NCP). 

This investigation encompasses only the IWD channel outside the NRF security fence. The 
interior portion of the effluent discharge system will be addressed under the FFA/CO 
provisions for Track 2 investigations. Hereafter, unless otherwise specified, IWD shall mean 
only that portion of the entire system which lies outside the NRF security fence. 
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EXECUTIVE SUMMARY 

The Idaho National Engineering Laboratory (INEL) has been divided into ran Waste Area 
Groups (WAGS) to facilitate the remediation process. Each WAG is further divided into 
Operable Units (OUsj which focus on specific areas of interest. The Naval Reactors Facility 
(NRF) Exterior Industrial Waste Ditch (IWD) Remedial Investigation and Feasibility Study 
(RI/FS) is OU S-07 under the Federal Facility Agreement and Consent Order (FFA/CO). The 
Environmental Protection Agency (EPA) has been identified as the lead agency and the Siate 
of Idaho Department of Health and Welfare (IDHW) as the support agency for OU 8-07. 

The NRF IWD has been identified for a RI/FS due to the historic nonradioactive discharges of 
industrial waste water such as cooling systems water, ion exchange regeneration solutions, 
and liquids from miscellaneous operations. The disposal of industrial waste water containing 
h...^.“, . ..^+-I^ ..,^.. A:..^^..+:“..^rl ..A-- .^ LI-.,..-CI-- 4.9 .nan T*^..- -A...*,. __:-^A*. -L---i IITcI”)I ,,,cz,a,* ““510 “I~C”,I,III”T” pw, I” I”“YGIIl”ril ICI, 130”. ll,G’3Q lll~ka13, IJ’tlll”,,‘y WIIVIIII- 
urn, lead, mercury, and silver, are the main contaminants of concern and the reason for this 
investigation. High and low pH ion exchange regeneration solution discharges occurred up 
to 1985. However, these solutions were, for the most part, self neutralizing, and residue is 
not expected to be observed in this investigation. 

Characterization data was collected at the IWD in support of a closure plan under a 1986 
Resource Conservation and Recovery Act (RCRA) Consent Order and Compliance 
Agreement (COCA). Before the closure plan work was completed, the COCA was replaced 
by the current FFA/CO. This existing data has been reviewed and was used as a basis for 
preparing the RI/FS Work Plan. 

The objective of the RI/FS is to assess the potential risk to known and suspected receptors 1.-- ---.---I---.- .~. II.- I,.,- .~-~I 1~ ~-I~ ~.~ ~~. ~. ~. ..~ rrorrr tiurr~arnk~arks rn tne rvvu ano to evacuate ano select me most appropriaie remediai 
action alternative. The work required to meet these objectives includes the following items: 
performing geological and engineering surveys and mapping, installing and operating stream 
gauging equipment, installing shallow ground water monitoring wells, aquifer response 
!c?Siinn~ inntnllinn mnnitnrinn WPII w&y IPVFII ramrrfar~ and camnlinn ad rharartori7rrtinn nf iJ1 -. .---.... = ..- .._.... J ..-.. .-.-. .___.__._, -..- --... r J -..- -..-.--.I..--..-.. -. 
ground water, surface water, soil, and sediment. 

A Work Plan has been developed that will ensure adequate data of sufficient quality is 
collected for this RI/FS. This data will be used to characterize the nature and extent of the 
contamination which is present in the IWD to support the risk assessment calculations and to 
evaluate the remedial action alternatives. 

The IWD RI/FS process for the Comprehensive Environmental Response Compensation and --. .-- -. ‘-_ Llabiiity Act (CERCiij and tine t-t-A/L;u tnciudes the compietion oi an HI/F5 report and a 
proposed plan which summarizes the results of the investigation work and presents the 
proposed remedial action. Following a public comment period and resolution of comments 
received, a Record Of Decision (ROD) will be signed finalizing all remedial action plans 
Irrnriclte-4 with (k.3 ,\n,n I”~““.“.“” 1.111 I .a l” I ..Y. 
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1.0 INTRODUCTION 

This work plan provides the planned work activities associated with the ccmpletion of 
the RI/FS for the NRF Exterior Industrial Waste Ditch (IWD). The ena product of the 
RI/FS process is a ROD for OU E-07, NRF IWD. The RI/FS process encompasses 
two separate but related activities: 

Remedial Investigation (RI) - data development, site characterization and 
risk assessments 

Feasibility Study (FS) _ development. evaluation and selection of remedial 
action alternatives 

The objective of the RI is to collect and organize existing data, and collect, validate, 
and organize new data to provide a data base for risk assessment and remedial action 
selection and design. Based on the need to supplement existing data, this RI work 
plan describes the field work, laboratory work, data collection, interpretation, treatability 
studies and reporting that will be performed. Risk assessments are required at various 
steps in the RI/FS process. For the IWD, a Baseline Risk Assessment is proposed IL_. .,I :A_-.:L. _-_I _.._ I.._ *_ .L_ _:_a__ -1 IL_ -_ _-.:-- _#.__--A:.._ I_ L._--- L-_IIL --A LIW, Will l”wlllly all” twa,uaw IIW l,JKi “I Lilt: rI”-aGLI”II dlie,rlau”e: L” ll”lllall 11ea1111 all” 
the environment. Various risk scenarios will be prepared for workers at the NRF and 
residents living near the INEL including: 

F! ItI we c%m rmtinnal I ISP -.-.- -___r -..-..-. --- 
Future Residential use 
Future Agriculture use 
Current Occupational use 
Ecological Exposure (terrestrial biota) 
Ecological Exposure (aquatic biota) 

The Risk Assessment results will be used to support the evaluations of remedial action 
alternatives in the FS. 

The FS will be conducted if the risks identified exceed the established thresholds (EPA 
1991a). The purpose of the FS is to develop a remedial design that meets the 
requirements of CERCLA and the NCP. This study will use, as necessary, screening 
anstrrccac trcetddlihr et, Acs zmr( ennin*cvinn r+l Aor tn irltantih, a~mhm+a anri r&a*+ . . . . . . . ...“... V”...“‘.‘., 1.“U1”.., . . ..I “a.J.*.““.“.J “.-“,“.a I” ‘-“....a,, “.11”...“, “.I.# .a”%“_. 
the most appropriate remedial actions for OU 8-07. 

The following is a description of the plans developed as part of the project planning 
and scoping task. These plans are prepared in accordance with guidelines presented 
in the EPA document Guidance for Conducting Remedial Investigations and Feasibility 
Studies Under CERCLA (EPA, 1988). For a detailed description of the tasks 
associated with each of the following sections, refer to the appropriate section or 
appendix of the same name. 
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1.1 Work Plan 

The RI/FS Work Plan presents the initial evaluation and summary of existing 
data and information gathered in the scoping process. It documents decisions 
:_l__*:‘:_A _I___:__ ___:^^I ^_^_ :__ .._A __^__^__ _-.:..:*:_- .- L_ ---A__-.__1 l”cfliUll~” ““rllly prymA s~“ply call” pl”p”s~a d.lrll”11IciS LU “ti ci”lI”“G~~“. Tiie 
RI/FS Work Plan includes: 

A description of the site background and physical setting 

A discussion of previous investigations and current conditions, including 
a summary of existing data 

A discussion of risk assessment protocol and a preliminary conceptual 
model of the site 

A discussion of Work Plan rationale, including data quality objectives 
PQO) 

A description of the Work Plan tasks to be performed 

A project description, including project management, organization, 
s&e&!g and Casts 

1.2 Community Relations Plan 

The Community Relations Plan (CRP) is designed to assure community 
understanding of action taken during the remedial response activities, and to 
obtain community input on the RI/FS program. Community relations are an 
integral part of any CERCLA action whether or not the action is on a federal 
facility. 

At the INEL, all CERCLA actions will be subject to both CERCLA and National 
Environmental Policy Act (NEPA) community involvement requirements. CRPs 
have been written and provided for public comment for all remedial 
immctinstinne cat tha INFI . .._I.. J _.._..I I. . ..- . ..--. The FFA/nn Etltce tlvat ‘nr each R!/FS, a cap , - - - .- ._I . .- . -. 
supplement will be issued. The CRP supplement for the NRF IWD RI/FS is 
attached as Appendix A to this Work Plan. The INEL CRP and the NRF IWD 
CRP Supplement will guide the actions taken to assure appropriate public 
involvement in agency decision making. 

1.3 Sampling and Analysis Plan 

The Field Sampling Plan (FSP), Quality Assurance Project Plan (QAPjP) and the 
Data Management Plan (DMP) are combined into a Sampling and Analysis Pian 
(SAP). The SAP identifies detailed procedures for the collection, analysis and 
control of environmental data. The SAP is presented in Appendix B to this 
document. The FSP presents the sampling objectives, the sample location and 
‘.rrr..nnr*, e-rnmta Ase~nnc.+inn r~mnlirrn an, ,inmc.n+ .J.nr( nmrcaA, I.P.2 onr( ,,‘yY”,*)1, ‘cI”‘p~ ““‘y”“.,““, .J”““‘p~“y “.y’ys”““‘. “I I” y’“““““‘““, “I I” 
sample handling and analysis. The FSP is divided into two major sections: 
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Near surface and sediment sampling 

Hydrogeoiogicai investigatrons 

The QAPjP presents the procedures that will ensure the qualib] and integrity of 
samples collected, the precision and accuracy of the analytical results, and the 
* ̂ “-^ “““li .,^“̂  ^^ ““4 ,.z~,~~“1L,“C,,.G~‘Lll,” ““‘,,pJ, ,T,,.sG,c1 “I ~,i*II”III1,~l,lal IIITo.au,.zI,ITIII~ Lca.nTII. ““...“‘e+““““” “‘̂ “,,:-^^“.^“‘-l _^^^ ..-^^^^ I^ •̂ ~~..^ me 
QAPjP, written in accordance with current RI/FS guidance, includes the 
following elements: 

Project description 

Project organization 

Quality assurance objectives 

Sample collection procedures 

Sample custody procedures and documentation 

Calibration procedures and frequency 

Internal quality control procedure description or reference 

Data reduction, validation, and reporting procedures 

Performance and system audits 

Preventative maintenance procedures 

Specific routine procedures used to assess data accuracy, precision, and 
completeness 

Corrective action procedures 

Quality assurance reports including results of system and performance 
and&s ad n~cacemcln+c nf Astc4 ~-CII~S(PV nrm-icinn cmw-4 rnmnlntnncmf -. .- -1---1...-. . . . -. --.... ..-““...“,, r.’ “._._,,, -,,- --...r.“.“..““.. 

The DMP provides a discussion of the procedures and controls that will be 
employed to ensure that the data collected will be properly managed. The DMP 
includes information in the following areas: 

Field activities 

Sample management and tracking 

Document control and inventory 
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1.4 Health and Safety Plan 

The Health and Safety Plan (HASP) details the health and safety measures to be 
implemented in conducting RI/FS field activities at the site. It has been _I-..- 1.-._1 A. ...~~~.. .a-- ~.~ ~.. ^. ,-^ . . uevsropeo to assure me prorenron of personnei during nr/rs treto activities. it 
includes a discussion on Personal Protective Equipment (PPE), the types of 
personnel monitoring techniques and instrumentation to be used, personnel 
contamination control procedures, medical surveillance requirements, and 
nnniicnhle rafatv nmcad~ma -rr_--_- --.-. I r.-----.--. Thg H.A.SP , which in&&r the p!emp.q?s . . . -. 

described in the “Occupational Safety and Health Guidance Manual for 
Hazardous Waste Site Activities” (NIOSH/OSHA/USCG/EPA) and 29 CFR 
1910.120, “Hazardous Waste Operations and Emergency Response”, is 
presented in Appendix C to this work plan. 

1.5 NEPA/CERCLA Integration 

It is DOE’s policy that all projects involving any federal facility must undergo a 
review in accordance witn NbPA to identify and evaluate potential environmental 
impacts. The EPA does not necessarily support this position. To meet the 
requirements of NEPA and DOE Order 5440X, environmental documentation 
must be prepared for all new programs or research and development projects 
the.+ hs,rc. the. nn+c.n+:>, ‘n. dFa”+ln- +h” rn.li.“““.^“t ..,.a. II”.” .I,” ~“.““,‘U, I”, ““WUW’Y LI8.a .3jlI”,I” ,111, r 11,. Piif% 1500 thiOUgh 1508 
of 40 CFR provide regulations applicable to all. federal agencies for 
implementing the procedural provisions of NEPA. DOE has developed 
guidelines for its facilities to implement the provisions of NEPA. These 
guidelines require that DOE facilities determine the applicability of NEPA to 
various activities being undertaken. Under the DOE guidelines, three basic 
alternatives for documentation under NEPA exist: an Environmental Impact 
Statement, an Environmental Assessment, or a Categorical Exclusion. The 
choice of an alternative depends on the activity and its potential to impact the 
environment. 

The RI/FS site characterization work for the IWD meets the requirements of a 
categorical exclusion under NEPA. The RI/FS site characterization work is 
“,.~,,.~“A I.,, C^,.+i”” n “,.A e ^‘.I.^ CA-l”.. e--.--L-- -9 r-n- l--A---I n--?-l-- “““rlr” uy “rrll”lI Y t.m’L cl “I LIlC raauay, ~~p~c;~lwc;r I, !JJ” re,utxa, nt;ymva 
(FR) (Vol. 55, No. 174 page 37178) for site characterization and environmental 
monitoring under CERCIA. The RI/FS actions described in this Work Plan will 
not introduce or cause inadvertent or uncontrolled movement of hazardous 
substances as defined in section 101!14! of CERCLA, po!!utants or 
contaminants as defined in section lOl(33) of CERCLA, or non-native 
organisms, and will not adversely affect environmentally sensitive areas such as 
historic archeological, or areas listed on the National Register of Historic Places. 

If, after the initial site characterization of the IWD, it is determined that remedial 
action is necessary, a NEPA evaluation will be performed for the remedial 
action. The NEPA evaluation will be integrated into the FFA/CO and CERCLA 
documentation. This integration will assure the proper assessment of the __^:^^. ^-A ^,:-:__a^ _1....1:^_1:-- -I._.-_,_ pl”]c;u al I” ~~lll1,1 ra,r; ““I.“‘LxlL’“‘I UI wurn. 
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2.0 BACKGROUND AND PHYSICAL SETTING 

2.1 Description and Hisiory 

2.1.1 INEL Description and History 

73x3 INS, EifD ll,lE ~CtlhliCh~A in ,“dO SE the Nltinnd QPe.+nr T&ng . ..” *..-* .,..” ..-- --....“..-*.-- . . . *- .., _- .,,” ,.-..“,.-. .--“.-. 
Station by the U.S. Atomic Energy Commission as a site for building, 
testing, and operating various nuclear reactors, fuel processing plants, 
and support facilities with maximum safety and isolation. In 1974. the 
National Reactor Testing Station was redesignated as the INEL to reflect 
the broad scope of engineering activities conducted there. 

The U.S. government occupied portions of the INEL prior to its 
establishment as the National Reactor Testing Station. During World War - ii, the U.S. Navy used about 270 square miies oi the site as a gunnery 
range. An area southwest of the naval gunnery area was once used by 
the U.S. Army Air Corps as an aerial gunnery range. The present INEL 
site includes all of the former military areas and a large adjacent area 
..,YL.A.^..,.. ‘..^“” .l.” *..kli- a-..“-:- ‘-- ..^^ k., nnc TL.. a”-“““- LI”.“, rrlra,ularr,, IIUIII LI,W p”“,,r “VIII~II1 IV, “OT vy YVL. IIlC IU,I,ITI a.c%vy 
administration shop, warehouse, and housing area is presently the 
Central Facilities Area of the INEL. Figure 2-1 depicts the location of the 
INEL relative to the State of Idaho and NRF relative to the INEL. Figure 
2-2 depicts the location of the IWD channel with respect to the NRF. 

2.1.2 NRF IWD Site Description 

Naval Reactors Facility (NRF) is located on the west-central side of the 
INEL approximately 50 miles west of Idaho Falls, Idaho. NRF is operated 
by Westinghouse Electric Corporation for the United States Department 
of Energy, Naval Reactors. The facility covers an area of approximately 
50 acres and, at various times, is occupied by up to 2000 people. In 
^A..l:f:^” .^ a... :^I^--^.:^^ __^., :.a-_ i- ILi^ ^^di^^ n-^--A:., c ^^^*^:^^ a”“lu”lI L” IIW IIII”IIII~.LI”II )J,““l”~” IO ,I,13 weL,,I”II, npp”luw. r L,“IILc1IIIJ 
information on INEL and regional geology and hydrology. 



IWD RI/FS 
Work Plan 
September 1992 
Page 2-2 

TO SALMON- -10 REXBURO \ I 

IDAHO 33 

RF 
I 

TO ARC0 / 

I 

IDAHO NAT IONAL 
ENGINEERING 

- t#^ LABORATORY I 

\TO BLACKFOOT 
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._ ._ The NRP was estabiished in 1343 as a testing siie ior ihe navai nuciear 
propulsion program. The Submarine Thermal Reactor Prototype (SIW) 
was completed and became operational in 1953. At this time, an 
industrial waste ditch was constructed to accommodate the disposal of 
nnnrrrrlinnr*i\m nnn.rat”,Dns lin, h-4 r(icrh~mc.r frnm tkla nm+nt\mn ant-4 II”IIIU”I”...Y.I”“, ll”,, Y”...,Y”, ,,yu,u ““““u’y”” II”.., .I>” y.v.“.,pe” ..a.” 
other support operations. This ditch consisted of a shallow open channel 
extending north from SIW for approximately one-half mile. Various run- 
off channels and pipelines were connected to the ditch. The end of the 
channel was slightly enlarged by excavation, forming a small pond or 
depression. NRF utilized the one-half mile long ditch for approximately 
two years. Construction activities at NRF since 1956 have destroyed all 
traces of this portion of the ditch. The land area once accommodating 
the old ditch has been replaced by a gravel pit and sewage lagoons. 

In 1956, new construction to provide for a second prototype was 
initiated. In 1958, the Large Ship Reactor Prototype (Alw) was 
completed and became operational. At this time, the internal channels 
“..A liP.i”,. *.,mvm m-r(i‘i.YA I, Irk ehrt ,kr\ .-.*,a ,nn+ ‘*nm h,-.,h n,T.n+r Illor 6111” )J,p,y ““raw IIIVUIIIT” D”ClI LI~cil u,r rlll”ClII il”lll YVUI f4”“L’ l”UlI 
combined at the northwest corner of the facility. The combined channel 
was then diverted into an old dry stream bed which proceeded towards 
the northeast, away from the facility. The selected dry channel was 
excavated for a short distance to secure containment of liquid waste 
disposed of within the channel, and to provide a waste water flow 
pathway away from the facility. 

In 1965, the uncovered channel near the northwest corner of NRF was 
extended to allow flow to proceed further into the desert towards the 
northeast. This was necessary due to the addition of a third prototype 
reactor plant, S5G. Excavation to facilitate flow was terminated at 
approximately 1.65 miles along the channel. From 1.65 miles, the ditch __-_-__I_ _a_-- _ __A ..__ I _: ..__ L-3 _- ..___ .- _--_-__:-_._L_ n n -:I^^ pr”r;ee”s along a rlaL”ral rIveI “t!” c;““Ise L” appl”nilllawy J.L IIIIIes. At 
3.2 miles, the channel abruptly ends against a canal bank constructed in 
the late 1800s. 

From tS66 to the nresent, the erterior channel has remained intact with 
only slight modifications or changes. As discharges to the ditch 
increased, portions of the channel exhibited an insufficient percolation 
rate. In order to increase the percolation rate of liquid wastes through the 
ditch, portions of the exterior uncovered channel were periodically 
dredged. Wastes dredged from the channel were placed along the 
banks of the ditch. Dredging was conducted in the open channels along 
the west and north facility boundaries, and along the first 1.65 miles of 
the exterior uncovered channel northeast of the facility. Dredgings were 
conducted between iSi and i975, and in iS60. 

The SlW reactor plant was shutdown and inactivated in 1989. No 
changes to the IWD were made at that time; however, there has been a 
noticea& decrease in water f!ow. 
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The current NRF effluent discharge system is a complex network of 
interior uncovered channels and buried pipelines approximately 24,000 
feet (4.5 miles) long located within the facility and a 3.2 mile uncovered 
exterior channel located in the northwest corner of the racility and 
extending in a northeasterly direction. Water normally flows only in the 
first 1.2 to 1.8 miles of the channel; the remaining channel is usually dry. 

The portion of the effluent discharge system outside the NRF Security 
fence is the subject of this RI/FS; the portion of the effluent discharge 
system within the NRF fenced boundary will be addressed under the 
orovisions for Track 2 investigations and formalized in the NRF Site wide I-~ ~~-~- 
RI/FS. 

2.2 Physical Setting (Geology) 

2.2.1 Site Topography, Geomorphology and Physiography 

NRF is constructed on an alluvial plain, the bulk of which was formed 
during wetter climatic periods. At present, the plain is experiencing a 
period of non-deposiiion. T’ne aiiuviai piain surrounarng r+nr IS ~~..~~ ..-e.- 
punctuated by occasional outcrops of basalt. These outcrops rise to a 
maximum of approximately 20 feet above the surrounding desert floor. 
NRF is located slightly to the west of a series of low lying basalt outcrops 
whirh fnrm a linear tmd ae chnwn in Firm ma ‘X.3 An arm mta.rhanad ,.,, .“,, ,-.,,, ., ,.,,“.., ..“.,” ..- “..“..,. .., , ‘3”. ., - -. . . . . -. -_-.- -. .-r-- 
ridge is visible at the surface north of NRF. This feature is reported to be 
a series of eruption vents (EG&G, 1984). These vents begin several miles 
west of NRF, but are not visible at the surface at NRF. The projected 
continuation of this trend intersects the IWO at nearly a right angle 
approximately 1100 yards from the outfall. Low lying, highly or 
moderately weathered basalt flows rising between IO and 30 feet above 
the alluvial valley are located approximately l/2 mile west of NRF. 
Beyond these low lying hills is the Lost River Mountain Range. These 
mountains rise in eievation to approximateiy Yuuu teei. To the east of -__- . 

NRF, at a distance of approximately two miles, are low-lying hills, which 
are also a remnant of past volcanic aaivity. 

“WI,clI p,‘“L”~‘Ll~llll ,a,,c,, v, hIIs “1~” .z”““Y”Y1,‘~ I.*,, YIIY.. - ,,,““.A.” “. ArA.3, d.r,rr~~d.r +*!A-.” ..‘ ,ka -*a- c, ,,.*n, ,nAi,-.n h,OC rhmr, %Y m,-hc*ir rr‘ 
abandoned meander channels. Several prominent features are evident in 
these photographs, including a number of point bar deposits and . 
abandoned oxbows. A major abandoned meander channel is located 
approximately 800 feet due west of the IWD. This channel is 12 feet 
across and 6 to 8 feet deep. At the surface, abandoned meander 
channels are present in varying states of erosion. They range from hardly 
noticeable depressions in the soil to over six feet deep. The regional 
surface surrounding NRF gently dips to the north, and ranges in elevation 
from 4870 south of NRF to 4830 north of NRF. The elevation within the 
NRF compound ranges from 4848 feet to 4852 feet. Several man-made 
canals cross the desert terrain near NRF. The most prominent of these 
ditches lies approximately l/4 mile north-northwest 
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of NRF. This canal is 20 feet wide and 15 feet deep. It rises above the 
desert floor 8 to IO feet. Water no longer flows in the canal, and it is not 
-..-- &__I *_ :_1, ..---_ AL_ L.._I_--_-I_-.. -I AL_ ,,“,m ~tn)J~Lml” I” II1II”clllG~ ,!I= Ily”l”ytwwyy “I L,Iti I”““. 

2.2.2 Area Geology 

2.22,? Near surfeca e.!ld surface Soi!s 
There are two types of surficial sedimentary deposits 
common to NRF. The surface ‘top soils’ are loess deposits. 
Analysis of the loess shows that its primary constituent is 
the clay montmorillonite with secondary constituents of illite, 
quartz, feldspar and carbonates, (Chen-Northern Report, 
1991). Montmorillonite is a swelling clay and possesses a 
high cation exchange capacity, (Deer et. al, 1978, p. 250). -*~ .,~. . , .a I ne rnickness or me ioess varies irom severai inches to over 
ten feet, (1984 EG&G report,. 1987/88 Phase I Closure Plan 
Sample Collection report). In some isolated locations near 
NRF, winnowing has caused fine grain sand dune deposits 
tn tn.m In mnct nlac.3.z “PI, hlC)E tbln L-act cl”,-4 rnnr( .” . . . ..I.. ..q II.““. #a”“” lll.Al ..I I. , . ..I TV”“” C.&l” “UII” 
deposits overlie alluvial deposits. 

NRF is located at the western edge of an alluvial (meander) 
plain. This plain is several miles wide and consists of well 
rounded gravels, sands, silts and clays. Most of the gravel 
clasts consist of a wide variety of rock types originating from 
the mountains located north and west of NRF, and include 
sedimentary, metamorphic and igneous (volcanic and 
piutonicj rocks. Clay and fine silt interbeds are found 
sporadically throughout the alluvium, but are more often 
found at the basalt/alluvium interface. These clay interbeds 
usually possess lower permeability than the surrounding 
“.1.,,.1 c...r+ “̂ ^l^li.. il.,^^tirr+i^er I.....,,. rl^.-..^“..+~r+r.4 +L.-t y’ca”“‘. I L1a, y”“‘“y’L, ,,,rrirtiycmu,m IIa”D “rlla”ll~ua,~” ,11a. 
these clay layers often contribute to the formation of 
perched water at the top of the basalt. 

2.2.2.2 Basalt 

Underlying the alluvium is approximately 1500 to 2000 feet 
of transitional olivine to alkaline olivine basalts. Minerals 
present in thin section include magnesium olivine, 
clinopyroxene, calcic plagioclase, spine1 and magnetite 
(Chen-Northern Report, 1991). Depth to the top of the 
basalt surface is as much as 60 feet. The basalt consists of 
individual flows ranging in thickness from five feet to over 70 L.._I._~~II. ---_I.-.~!.?-- -lA1.--. I-...,.. ieei. The intrinsic nyurautcc cur~uuc~~v~tres ur tnese uasaus 
are generally in the range of 1 X lo’ cm/sec.(Chen 
Northern Report). However, local fracturing greatly 
increases effective conductivity values. Most of the fractures 
in the basalt err? nrnhnhlv thcx wmilt nf the rnnlinn nrnc~w --_-.. -.- r-----. , ..- .___.. _. . .._ _- -....= p ._____. 
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T!“” b.“l”““” “4 ,b.” ‘r”r+,,r”r rn”,, I.” +Cln rnr*a,+ n‘ F”“i”““l “I I ,,r Ycua,I”r “I LI,C IIaILYIc.? 1”C.y YC u,r Irq”IL “I 1’y’““a” “I 
local stress fields, although not enough data is available at 
this time to confirm this hypothesis. These fractures appear 
to be randomly distributed in the horizontal plane, but are 
concentrated at the top of individual flows. Some flows are 
virtually fracture free, while other flows are fractured from top 
to bottom. There is no evidence to suggest that one 
system of fractures cuts through all of the flows, thus 
providing an uninterrupted pathway to the aquifer. There is 
evidence to suggest that some portions of the basalt, 
perhaps occurring in quasi-linear trends. are more highly 
fractured than surrounding basal&. Though it is likely that 
such a trend would expedite surface water infiltration into 
a-.” ^^. *i‘,.* i+ i^ A^. ,&.*.*I ,l.“, N.“̂ ^ .‘.^“h **^ -.^I^“( “̂ I “r ,rtcs aLpw4 ( II Ia ““U”ll”l ,I IaL LI IT*T IIcatiLUIT LVI 8-a P”L cl= 
conduits, allowing surface water to flow unimpeded from the 
surface directly to the aquifer. 

2.2.2.3 Sedimentary Interbeds 

Many of the individual basalt flows are separated by 
sedimentary interbeds. These interbeds differ in 
composition, thickness and areal extent, but they are almost 
always more permeable than the surrounding basalt. Past 
drilling at NRF has encountered a reddish colored 
sedimentary interbed occurring between 80 and 110 feet 
below land surface (bls). This red bed is widespread and !- *L:_l.--__ l-_- I___ IL__ L-_ .- -..__ a 1 
ranges 111 I~IIC;KII~SS I~UIII I~JJ LII~II Six iii~rw:, w uvtx 1-8 

feet. The sediments in this red bed are classified as lithic 
wackes and are generally poorly sorted mixtures of angular 
to subangular clasts. 

The term lithic wacke was used by Chen Northern to 
describe specimens of immature sandstone with high clay 
content and the high presence of rock fragments other than 
quartz and cherl (Chen Northern Original Laboratory Data, 
Appendix E-l, and Qriain of Sedimentarv Rocks). Dominant 
grain fragments are lithic basalt and quartz, with the finer 
constituents consisting of silt and clay. Figure 2-4 is a 
contour map of the top of this sedimentary interbed, 
inciuding a Line A-K near ine iiiv’D. Figure 2-5 shows a 
cross section along the Line A-A’ depicting the thickness of 
the various strata underlying the IWD. Figure 2-6 is an 
isopach map of the same. The top of the red bed map 
chn*r,e t&.3+ 3 nmmin,xn+ hinh nuietc nnrthwact rrt Nr2E rdmnc+ III”,,” .,I”.” ~‘“““““,‘. ,uy,, ““11.1 IIVI.,,,.““. “I I.,., “.III”“. 
directly beneath the IWD. This high is bounded on either 
side by lows. The isopach map of the red bed roughly 
forms a series of quasi-linear ridges and troughs. Although 
the exact relationship is not well understood, perched water 
is frequently found in this sedimentary layer. However, the 

. 
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s-+!d nP.rkinn lll,P, ?,f-.nbd,C tn he a Cdrni imnnrm-3kln .““.“..I y”aY’““y ‘Y,“a Ul.‘~“U’.l L” “1 0 Y”l”-““~““‘~a”,r 
basalt laying beneath the red bed. The red bed appears to 
act as a porous and permeable zone in which water 
accumulates and flows. It is speculated that this 
sedimentary may influence the flow direction of water in the 
perched zone. Other prominent interbeds occur at 
approximately 140 and 240 feet. To date, no conclusive 
evidence is available to suggest that these two deeper 
layers are commonly associated with the formation of 
perched water zones. 

2.2.3 Area Hydrology 

C..c.l.r C)i.,..r ml”:.. A”*,i‘r- a‘ lz”^.r-” Ir(^l.^ 
..?IImns r11”51 Tkca111 nLp,,w, “I Lac.1sIll l”cllI” 

The entire eastern portion of the Snake River Plain, 
approximately 10,000 square miles in extent, is underlain by 
a vast groundwater reservoir known as the Snake River 
Plain Aquifer (SRPA). This aquifer is approximately 200 
miles long by 30 to 60 miles wide, and is one of the largest 
aquifers in the world. The SRPA may contain over a billion 
acre-feet of water, and has been classified as a sole source 
aquifer. Stratigraphically, this aquifer consists of 
interbedded basalt flows, volcanic ash and sedimentary 
deposits of sand, gravel and clay. Evidence acquired from 
drilling suggests that the SRPA may be up to 10,000 feet 
thick 

The SRPA is divided into two stratified water bodies. The 
upper water body is 1500 feet thick, relatively new, and 
resides in hiohlv fractured and hinhlv nnrmnnhln has& The _ . . . . r -...._ --._ --_-... 
lower water body is rcughly 6,500 feet thick, and is 
approximately 35,000 years old (Barraclough, 1985). The 
basalt in this lower zone is less permeable than basalt of the 
upper zone. For this reason, most water production wells 
are completed in the upper water body. 

The depth to the SRPA water table (piezometric surface) 
ranges from zero in some of the discharge spring areas to .~- L.^^^, ~1 aoout ruuu reet a few miies southwesi of the ifiEi. in 
general, water flow in the SRPA is from the northeast to the 
southwest. A large portion of the water contained in the 
SRPA flows towards the Snake River Canyon west of Twin 
Fallc wh~ra it ic dicrhsmd frnm nn rmarnm IE EnrinnE in thn -..-, .I.._._ . .- _.I_..” .=-I ..-... ..” . ..-. ““” -~ . J’ . ..” 

canyon wall. These springs produces as much as 300,000 
acre-feet of water annually. The average water table 
gradient across the entire SRPA is approximately 10 feet per 
mile. The yearly recharge and discharge to and from the 
aquifer is approximately 8 million acre-feet (Robertson, et 
al., 1974). 
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The greatest recharge to the aquifer results from the deep 
percolation of irrigation water onto the plain, as well as 
I,OII.3,, I .nAarll*.., ‘.r.m IC nnn “_I ***A .-“itF... “‘ -,.^I....-^ I*^^ “u”‘y UIIUCIII”.. ll”lll “Il,““” *Lfuwr 11111TO “I Iw.,,la,yr cdcia 
in the mountains north and northeast of ln$ piain (Lewis and 
Jensen, 1964). The transmissivity of the SRPA generally 
ranges from 1 to 100 million gallons per day per foot. The 
average transmissivity is about 5 million gallons per day per 
foot (Non/itch, 1969). 

2.2.3.2 Snake River Plain Aquifer of the INEL 

The SRPA beneath the INEL is characteristic of the aquifer 
in general. Depth to the top of the water table varies from 
200 feet in the northeast corner to 900 feel in the southeast 
corner. Aquifer use at the INEL is restricted to production 
..- II_ ._.L:-I- -_-.. :A_ _I_:_*_:-- ..- A__ --_I -.--... ..~.I.~. 1.~~ WWIS Wlllcill pruwut: “rlrlnllly wawr all” pr”Gsss warer ,or 
reactor operations. The only significant natural recharge to 
the aquifer at the INEL is from the Big Lost River and Little 
Lost River. However, smaller amounts of recharge also 
occur from the ir&l@a_!inn of Birch Cregk~ and nrecinitatinn r_--_r .._.._.. 
(during spring run-off). It is estimated that total natural 
recharge to the SRPA at the INEL is 400,000 acre feet. 
Man-influenced recharge through the use of waste disposal 
operations at different facilities also comprises a significant 
portion of the water mass balance at the INEL. IN 1964, 1.3 
billion gallons of water were returned to the groundwater 
system through waste disposal activities, (IWMIS, 1984). 

^^^^ --~~- 
Z.L.J.J rlezometric Data 

NRF is currently collecting water level data from 
approximately 14 nearby wells. These data have been 
mmni,~A hu h,F)F +hrn,,nh ,OQ, mm, h,,srl Actrih, ,tinn m.w, .......r..I.. “, . . . .* .““J.,“x.* .I”., . . ...” ,,Y..Y “I”.IIY”.IYII UllY 
flow direction maps have been constructed. These maps 
show that water flow direction in the vicinity of NRF has 
changed over time (see Figures 2-9, 2-10, and 2-11). In 
general, water in the SRPA flows from northeast to 
southwest, but locally the flow direction varies in response 
to local and regional recharge events. The main source of 
water flowing beneath NRF originates from sinks located at 
the terminus of the Little Lost River northeast of the INEL. 
Occasionai iiow in the Big Lost River also contributes water. 
During wet years, when water flows in the Big Lost River, a 
localized area of water mounding develops which causes 
ground water flow beneath NRF to shift to southwest. 
I-T...:.., A*:^r ---:-A- ---I.-.-- I-..^^ 1l.A I :x4- I ^^1 n:..-. u”‘“‘y “llrl yr,,uur, ,cvA,a,ycJ ll”lll LIIe LllYFi L”3L “l”VI 
Valley is predominant, causing ground water flow to shift to 
a more southeasterly direction. Because of cyclical 
changes in weather patterns, past ground water flow 
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direc!io,ns beneath NRF hse oscillated between these two 
extremes. 

2.2.3.4 Snake River Plain Aquifer at NRF 

Many of the physical features common to the SRPA in 
general also apply lo the SRPA beneath NRF. At NRF, the 
SRPA is located approximately 370 feet beneath land 
surface. Major recharge to the aquifer is assumed to come 
from the IWD and the sewage lagoons. Water is extracted 
from the aquifer via four production wells. Production from 
these wells range from 150 to 200 million gallons annually. 
Locally, water flow direction in the SRPA beneath NRF 
,-A..^ a,.- ^^.. *I. ..^^ 1 *_ _-.a L---1 bat1-3~ 8t~fllr ~ULIIWC~DL IV 3vuuwt~~, depending on the 

relative contribution of recharge from the Big and Little Lost 
River. Preliminary data from wells NRFB and NRF-GP, 
completed in the SRPA, show that little or no vertical 
hydraulic gradient exits in this area. Long !erm data 
collection efforts will provide better information on this 
matter. 

2.2.3.5 Recharge 

The NRF IWO has been in operation for over 30 years, and 
has been the primary discharge site for non-sewage liquid 
industrial waste from NRF. The IWD presently occupies 
segments of two separate abandoned meander channeis. 
Dredging has connected, widened and deepened these 
channels, forming the present IWD. The IWD is 
approximately 3.2 miles long; however, water flows only in 
the first I12 to 1 .B mj!eg of !he !W_n finnnnriinn on 1.yeather ....r-. ,“.. .= 
conditions and season. Discharge to the IWD ranges from 
150 to 300 gallons per minute (gpm), or approximately 120 
million gallons annually. Infiltration rates through the IWD 
channel may vary greatly. The IWD is built primarily on an 
alluvial plain which exhibits a widely varying degree of 
permeability. In some places, the IWO directly overlies 
potentially highly permeable basalt. 

in addiiion to the IWU, the sewage lagoon also contributes 
to the aquifer recharge. NRF discharges its sewage and a 
small amount of storm water into evaporative sewage 
lagoons located northeast of the site. One lagoon is full 
,,~a, m,,n,-J snA thn nthe. I-.---n im I 0-d I-s r.e.rllm..s i- IL.- ,“.a IYY,l” CVI” L#Ic2 “,II.a, ‘+j”“” IQ “a= I”, ““rlll”“” III IIltz 
spring and early summer. An estimated 12 to 13 million 
gallons of water infiltrate through the bottom of the sewage 
lagoons annually. These figures are based on current flow 
records and estimated evaporation rates. In addition to 
recharge from the IWD and the sewage lagoons, infiltration 
from precipitation is also a source of recharge to the aquifer. 
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NRF lies on the north central edge of the eastern Snake _I~~.~. -I-I. ,e--\ II.. C.-m .--..--.- ---.! _?2 .I?---I- mver rlaln pm-]. I ne ant- p”ssesses a sen11-en” Lxmavd, 
and NRF receives approximately 6.4 inches of precipitation 
annually. Warm temperatures, and short duration, low 
volume precipitation events minimize the amount of 
mniatlwe infiltratinn thrm mh the wirfnca nnrl nvnntc~allv .._._._._ .._.... il --J.. . .._ _-..--- _..- _._..._ -.., 

reaching the Snake River Plain Aquifer (SRPA) between the 
months of June and September. However, occasional 
heavy precipitation and snow melt in the spring also 
contribute to aquifer recharge. 

2.2.3.6 Perched Water 

During the summer of 1991, two deep monitoring wells and 
i5 shaiiow piezometer weiis were driiied in ihe vicinity of ine 
IWD. Six of these wells encountered perched water, the rest 
were dry. The depth at which the water was encountered 
varied from well to well, but generally increased with 
rlictnnra +mm the Ml” Eim mm Q-7 k a m2n nf tha lnrdinn Y~Y.“II”” II”,,. .I.” ,..I. 0 ,yu,v L 8 I.J .” I I8.y V. .I I” .V”....“. . 
of these wells. These maps, in conjunction with Tables 2-1 
and 2-2, show the final disposition of each well. Figure 2-6 
is a contour map showing the top of the perched water 
zone. The dotted lines in Figure 2-6 represent the 
interpreted extent of the perched water zones. 

Pump tests were performed on several of these perched 
water wells during November and December 1991. Well PS- 
5, which constantly demonstrated the highest head of all 
perched water wells was determined to have a transmissivity 
of 1.4 ft’/day. Well PS-7 and PS-9 had a calculated 
transmissivity of 1 ft’/day and 14 ft’/day, respectively. Well 
DC n ..^-*..:..” ,I... --... ^I^...4:^r . ..-.-* -..A -^^^^^^..^ .L... rcl-s C”, Itail IJ ,I ,r lll”JL JIPIIUII ,y Y”a_LGI PI I” y”c.rrjJrcJ ,I ,r 
highest transmissivity value, even though it is furthest from 
the IWD. 

During the drilling of well PS-6, water was first encountered 
at approximately 77 feet below land surface (bls). Since 
that time, the water level has fallen and stabilized at 
approximately 99 feet below land surface. No transmissivity 
values were calculated for wells PS-6 and PS-1 because 
insufficient water was encountered in these wells to perform 
pump tests. 
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Figure 2-8 Contour Map - Top of Perched Water Zone 



Table 2-I NRF Well Completion Data 

I 

‘JELL ID DATE INSiTALLED/lJ~ DES~~TION~~S./~~~-I~ 

NRF-1 1950/A. A. Duran & Son, Walla PRODUCTION 535 FT G 4849.5* 
Walla WA 

394-G 
WELL 483530 

NRF-2 1952/R. J. Strasser Co., Portland PRODUCTION 528 FT G 4849.7” 
OR 

373-397 
WELL 422-448 

497623 
NRF-3 1956/R. J. Strasser Co., Portland PRODUCTION 548 FT G 4849* 

OR WELL 
485-543 

NRF-4 1964/Cushman and Johnson, PRODUCTION 800.5 FT G 4849* 
Idaho Falls ID 

556-596 
WELL 

NRF-5 1963**/Cushman and ,Johnson, OBSERVATION 1340 FT G, GG, IC 4849* 
ldatho Falls ID 

NA- 
WELL. 

NRF-6 1!391/Jensen Drilling, Eugene OR MONITORING 437 FT G, GG, IN 41347.64 359417 
WELL. c, v 

dRF-6P 1991/Jensen Drilling, Eugene OR CORE/ 5ooF-T NONE 41347.56 484-489 
PIEZOMETER 

NRF-7 1991/Jenseni Drilling, Eugene OR MONITORING 435 FT G, GG, N, 
- 

41343.07 415465 
WELL. 0, v 

iRF-7P t!)Si/Jensenl Drilling, Eugene OR CORE/ 56oFT NONE 
- 

4643.40 NA 
ABANDONED 

- 
l Data i:o 1 /IO0 foot not available. These wells will be resurveyed to the nearest 1 /IO0 foot. 
** The welt numberiing system had not been initiated when thess welts were, drilled. 
G - GAMMA N - NEUTRON C - CALIPER V . VIDEO D - DENStTY 
DV - DEVIATION SP - SPONTANEOUS POTEINTIAL R - RESISTIVRY 
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Table 2-2 Piezometar Well Completion Data 

IWELL 
DA’TE INSTALLED/DRILLEALL STATUtiFT GELOO~~~;;h;;L 

PS-‘I 1991/Jensen Drilling, Eugene OR Completed (Wet) 102 FT G, C, V 4847.46 i84-99 

PS-2 1991/,Jensen Drilling, Eugene OR Completed (Dq() 115; Fr G, C, ‘J 4847.00 92-l 02 

P%3 1991/,Jensen Drilling, Eugena OR Completed (Dry) 1121 FT G, C, ‘J 4848.86 94-l 04 

PS-4 1991 /Jensen Drilling, Eugene OR Abalidoned (Dry) 96FT G, N, C, V, Cl, DV 4846.80 NA 

PS-!5 1991 /*Jensen Drilling, Eugene OR Completed (Wet) 96FT G, N, C, V, D, 4848.58 180-95 
DV, SP 

PS-B 1991/Jensen Drilling, Eugene OR Completed (Wet) 10s FT G, N G V, D, 4846.33 El7-102 
DV, SP 

PS-;7 199t/Jensen Drilling, Eugene OR Completed (Wet) 102! FT G, N, C, V, D, 4849.49 83-98 
DV, SP, R 

PS-f3 1991/,Jensen Drilling, Eugene OR Aballdoned (Dry) 95 Fr ‘2 C, V 484zO NA 

PS-9 199l/.Jensen Drilling, Eugene OR Completed (Welt) 113: FT G, N, C, V, DV, 4847.78 &19-l 04 
SP, R 

PS-10 199l/,Jensen Drilling, Eugene OR Abandoned (Dry) 99 F-r 6 G V 4846.50 NA 

PS-11 1991/Jensen Drilling, Eugene OR Abandoned (Dry) 112 FT G, N, C, V 4845.30 NA 

PS-12 199l/,Jensen Drilling, Eugene OR Abandoned (Dry) 1OCl FT G, N, C, V, DV, R 4845.90 NA 

PSI3 1991/,Jensen Drilling, Eugene OR Abandoned (Dry) 99 FT G, C, V 4849.60 NA 
-- 

PS-14 1991/,Jensen Drilling, Eugena OR Abandoned (Dry) 97 FT G C, V 4847.70 ~- NA 

PS-15 199l/,Jensen Drilling, Eugena OR Abandoned (Dry) 126; F-r G, G V 4846.00 NA 
-- 

G - GAMMA N - NEUTRON C - CALIPER V _ VIDEO D - DENlSlTY 
DV - DEFVIATION SP - SPONTANEOUS POTENTIAL R - RESISTIVIN 
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2.2.3.7 Interconnection of Recharge Sources and Perched Water 

It is not clear how the sewage lagoon, the IWD and 
precipitation infiltration interact. Although it is likely that a 
perched water zone has formed beneath the sewage 
lagoon, no direct evidence is available to support this 
hypothesis. If this perched water body has formed, it is 
probably at a level near the red sedimentary interbed. A 
contour map of the top of the red bed based on drilling 
:..‘̂ --^l:^^ ^L- ̂... ̂  It.... a.:- : ̂ I^_ &^A :^ . . ..-I ̂ ___^^ -I ^^A III1”IIIIau”II JIl”WJ LIlcLL LIllJ Illl~il”~” IJ w,“~qJL~cl” cl,,” 
varies in thickness (refer to Figure 2-6). Although the slope 
of this bed would suggest that some interaction between 
perched water from the IWD and the sewage lagoon should 
occur: insuffrcient evidence is available at this time to 
support this conclusion. 

2.2.3.8 Discharge 

Water leaves the SRPA at several locations. At NRF, water 
is extracted through four production wells. This water is 
used for plant cooling, drinking, and other domestic and 
industrial uses. A large of amount of water extracted by the . ..-I.- ?- --..~---_I _- _L- --~~.1-~..~%- AL- . . ..c. --_I .L- -_--- wells IS rewrlle” LO LlW aq”ller “la LlW I”“” al,” u,e sewage 
lagoons. Only water which evaporates or transpires prior to 
infiltration (including evaporation through the cooling towers) 
or that which is consumed is not returned to the aquifer. 

The evaporation rate for NRF has been estimated to be 
between 36 and 40 inches per year. Transpiration accounts 
for an additional 6 to 9 inches per year. Estimates for the 
evaporation rate may be high because these figures assume 
a fully and constantly saturated surface. These figures 
suggest that approximately 2.1 million gallons of water is 
lost through evapotranspiration from the IWD annually. 

2.2.3.9 Concepiuai physicai tiodei 

The geology beneath NRF is very complex and highly 
variable, therefore, a simplified physical conceptual model of 
r,lhclwrlrn “PT\lnm, krr hnan rnnc+.,,rt,d ml.3 rrhwcird Y”l”“ll”“Y yY”‘Yy, II_ “““0 I ““I mm,., “Y.“... I I I” ps”,“.“..’ 
conceptual model described below depicts the major 
hydrogeologic elements of the IWD subsurface. This 
conceptual model will also be used in any future ground 
water computer modeling that will be performed for this 
operable unit. 

Figure 2-12 is a generalized cross section of the IWD 
unsaturated zone and the upper portion of the SRPA, and is 
intended to depict the major elements of the simpiified 
conceptual geologic model. This model is based on the 
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results of the 1991 drilling activities, the 500 foot continuous 
cores that were recovered in 1999. and other investigations 
that were conducted in prior years. Waizr infiltrates slowly 
through the sediments of IWD channel, but tne rate rapidly 
increases in the underlying alluvium. Several clay zones 
within the alluvium retard the downward infiltration of the 
ditch water and form ‘moist zones’. At the surface of the 
basalt, another clay zone is encountered. Water from the 
IWD, possibly mixing with water from precipitation infiltration 
which is channeled to this location, forms a thin perched 
hn,4,, ,rJr+?., ..+ +ki.. krrri.,rr.. rlr,.^AI Irt,.*“ll., **..+i, A^..,....,..-.4 “““y. “.aLrl c&L LII,il ll”llL”ll opcxw* lsllrlcllly “I1111 ““““l,rral” 
infiltration through the clay and the basalt reaches 
equilibrium with horizontal and vertical recharge. Downward 
infiltration through the basalt is generally slow compared to 
surface soils. Water movement occurs in a series of lateral 
and vertical steps. Some water flow occurs through the 
more permeable basalt% but the majority of the water 
moves laterally along flow boundaries until a vertical fracture 
is encountered. Water may follow these fractures for tens of 
feet before again repeating the process. 

At approximately 90 feet, a red sandy sedimentary interbed 
is encountered. This interbed is underlain by a semi- ------L,- L---I. ~~~LI.L --*- _- d-A-~~-, .I.- ~I-~ ~~~ ~-. pmrwao~e uesa~t wrw~ au8 IO reraro me uownwaro 
migration of water. A perched water body forms at this 
horizon and continues to spread laterally (down gradient) 
until the area of infiltration increases to a point where an 
enuilihriarm is reach& b&yeen inf!ow and ~utf!gw. .Sjgca __I-...-_-___ .- 
lateral variations in the number of fractures exists in the 
basalt, water in this perched zone may migrate down dip 
and abruptly resumes downward migration once 
encountering a more conductive zone. This same 
phenomenon causes these water bodies to assume irregular 
shapes. After passing this zone of perching, water 
continues its downward migration until the aquifer is 
reached. 

Depending on the relative contributions of the various 
recharge points (high infiltration zones in the ditch, the 
sewage lagoons, etc.) a head distribution is created in the 
Intli‘nr “PC., klmc Thic knnr( rlirtrihl ,tinn ic in‘!, ,anraA ktr ..y”..“. , ,“.., , . . ,, . . I II” I ,““.A YIY., lY”Ll”l I II II ll,Y”llYY” Y, 
the IWD, sewage lagoon, production wells and regional 
recharge to the area. This distribution is also influenced by 
differences in effective permeability in the basalt. The 
direction of flow in the aquifer is determined by the 
interaction of these factors. Contaminants in the water will 
be controlled by a variety of physical and geochemical 
parameters discussed previously in this document. 
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Figure 2-9 Apparent SRPA Flow Direction - July 1980 
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Figure 2-10 Apparent SRPA Flow Direction - July 1985 
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Figure 2-11 Apparent SRPA Flow Direction - July 1990 
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2.3 Physical Characteristics 

The surface of the INEL is a relatively flat, semi-arid sagebrush desert, with the 
predominant relief either as volcanic buttes jutting from the desert floor or as 
unevenly surfaced basalt flows and/or flow vents and fissures. Elevations on 
the INEL range from 5200 feet in the northeast to 4750 feet in the central 
lowlands; the average elevation is 4975 feet. Detailed site description, physical 
setting, and background information (i.e., geology, hydrology, meteorology, 
typical flora and fauna, etc.) are provided in Section 2.2 and Appendix F. 

2.3.1 Disposal Categories and Flow Rates 

Discharges to the NRF effluent disposal system began in 1953 and were 
comoosed orimarily of rain/snow run-off, facility discharges containing 
occasional oily residues and some potentially hazardous constituents. 
The actual volumes and concentrations of discharges are unknown. 
However, sufficient data exists to establish typical annual discharges to 
the ditch occurring from 1953 to 1980 (26 years). Since 1960, the ditch 
has only been used for the disposal of non-hazardous industrial waste 
water. Table 2-3 identifies categories of discharges and estimated annual 
flow rates at the IWD outfall. 

~.~~.~II~~~~.-...~.~.~.---~-I-_(!-~-Ll-nn:~_):__I ______._____ z I____.._._^ ‘ I ne normawn presenreo 111 I awe C-J ~rw~cwxi arl avarayrj ww rcw UI 
205 gal./min. to the IWD. Recent visual observations and “bucket tests” 
indicate significant variations in daily flow rates based on prototype 
operating conditions. Collected data indicates flows as low as 30 
nal lmin ad zs hinh as Rflfl nnl /mini Current !!QWS a_re ~~a!&& to be =-.., . _.,_ __ ..~. -- --- =-__, 
approximately 150 gal./min. This lower flow rate (150 gal./min. versus 
205 gal./min.) is a reflection of changes in operating conditions 
associated with the inactivation of the SlW prototype. The value 
presented in Table 2-3 falls within the expected range of flow rates. 

2.3.2 Waste Identification 

Table 2-4 identifies various chemical constituents used at the NRF during 
historicai operaiions which may have been disposed to ine iWD. it is 
uncertain if all the listed compounds entered the ditch network. An 
estimate of the total mass or volume of waste disposed to the ditch is 
also provided in Table 2-4. This estimate is based on procurement 
rarnrrlr nrr.coPc k”n\r,lf3Anc. cm,-4 n,rrn+ nnnrzltin” ,aYlrfic ,“““,““, r.-..-.,- v.*.-...--J”, -.... r .-... -r -.-..-. * .---.--. 

The constituents of concern associated with the operation of the ditch, as 
illustrated by the listing of chemicals in Table 2-4, are acids and bases 
(which are expected to have self-neutralized), trace organics (waste oil 
and solvents), and dilute solutions of heavy metals. 
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Table 2-3 Categories of Discharges and Typical Annual Flow Rates to the IWD (1953-1980) 

Categories of Discharges to the Estimated Annual Flow Rate 
Industrial Waste Ditch (Gallons/Year 1953-1980) 

Run-Off (rain and snow melt) 33,000,000 l 1 

Prototype and Auxiliary Operations 70,000,000 *2 

Cooling Systems 500,000 

Ion Exchange Regeneration 4,000,000 ‘3 

Laboratory Operations 1,000 

Photoaraohic Ooerations I nnn ---------------------------------------------------------------------~~~~~-------------------- 
Total 107503,000 

(205 gal/min) -------___--------__________________L___------------------------------------------------------- 

NOTES: *l - Volume may range as high as 40,000,OOO gallons 
l 2 - Volume may range as high as 79,000,OOO gallons 
l 3 - Volume may range as high as 4,750,OOO gallons 

In 1980, NRF ceased discharging ail RCRA wastes to the IWD except 
acid and base ion-exchange regenerant solutions which were self 
neutralizing. This change from previous practice was adopted as part of 
a yenera! sire improvement project and was accompiished by repiacing 
hazardous chemicals with non-hazardous chemicals, collecting and 
properly disposing of remaining waste streams, and implementing waste 
control procedures. Discharge of acid and base ion exchange 
regenarant so!utiono continued from June, 1980 through Varch, 1986. In 
April 1985, a neutralization facility consisting of two 15,000 gallon 
neutralization tanks was installed. Acid and base solutions were mixed, 
neutralized, and discharged to the IWD. The optimal pH control level at 
the facility is between 6.0 and 9.0 pH units. Since April 1985. the IWO 
has received only rain/snow run-off, facility discharge containing oily 
residues (1 ppm), non-hazardous industrial waste water, and 
neutralization tank discharges containing a solution of acid and base 
neutralized to a pH between 6.0 and 9.0 pH units. 
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Table 2-4 Listing of Constituents Potentially h&aged from NW nnerntinnc -r--l-.-..- 

Discharge Category Constituents Waste Concen- Total Mass 
tration I*1 I Disoosed 

Run-Off From Rain/Snow Unknown Unknown (*2) Unknown 

Prototype Operations Waste Oil 1 8600 
nirnrl:,,m Dknrd.4, Ylll”“l”l I I I I ‘“q,-” IcaLr 1 “nnn -x7”” 
Trisodium Phosphate 0.01 810 
Sodium Sulfite 1 3300 
Sodium Chloride 324 (“3) c 180,000 
Hydrochloric Acid 12 Molar Trace 
Surfactants Trace Trace 
EDTA Salts Trace Trace 
Waste Solvents (*4) Trace Trace 

Coo!ing System on+.%-ri,.m f-k.,.mr+r ,*c\ I “LclUOlUlll “III”IIIcl.LT , .I, 2 000 220 
Operations Sodium Chromate (*6) 5bo 9500 

Calcium Hypochlorite 20 1100 
Mogul-PC122 (*7) Trace Trace 
Sulfuric Acid 12 Molar Trace 

Ion Exchange Sulfuric Acid (*8) 12 Molar E,SOO,OOO 
Regeneration Operations Sodium Hydroxide (‘9) 6 Molar 2,300,OOO 

Sodium Chloride (*lo) 34,000 36,000,OOO 
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Table 2-4 (Continued) 

Discharge Category Constituents 

Laboratory Operations Barium Nitrate 
Lead Nitrate 
Mercuric Nitrate 
Silver Nitrate 
q mn..irl:n.\ Pkl,.r:Anr “VI WA”,, I_ “I ll”lI”T~ 

Chloroform 
Formaldehyde 
Hydrazine 
Morpholine 
Hydrofluoric Acid 
Naphthylamine 
Phenol 
Pyridine 
Hydrogen Peroxide 
Nitric Acid 
Potassium Hydroxide 
Perchloric Acid - .I!I--L----~-- r-~v~~rooerw3r~e 
Potassium Chlorate 
Potassium Nitrate 
Potassium Perchlorate 
Sndil~m Rrnmntn .--- ._... - ._..._._ 
Sodium Chlorate 
Zinc Nitrate 
Strontium Nitrate 
Aluminum Nitrate 
Calcium Nitrate 
Ferric Nitrate 
Magnesium Nitrate 
Potassium Sromate 
Ammonium meia-Vanadate 
Naphthalene Disulfonics 
Sodium Hydroxide 

Waste Cord .:n- Total Mass 
tration (‘1) Disposed 

(pm) (kg) 
Trace 
Trace 

ii 
Trace 
Trace 
1 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace ----- 
I raw 
Trace 
Trace 
Trace 
Tracp 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 

Trace 
Trace 
Cl.1 
~3.8 
T;ace 
Trace 
co.11 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace V~.. 
I rac63 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
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Table 2-4 (Continued) 

Discharge Category Constituents Waste Concen- Total Mass 
tration (*I) Disposed 

!pv! !ko! 
Photographic Operations Ammonia Trace Trace 
(*II) Bromine Trace Trace 

Acetic Acid IO Cl.1 
ur,-h.“s,hmin~ cm ,#‘“,r. I ,y”I”*yIcIIIIIIlr ““IIa.LcI Trace Trace 
Phenyldiaminesulfate-R Trace Trace 
Formaldehyde 1 Trace 
Benzyl Alcohol Trace Trace 
Triethanolamine Trace Trace 
Potassium Hydroxide 0.004 Trace 
Potassium Carbonate Trace Trace 
Hydroquinone 0.004 Trace 
2,2-lminodiethanol 3 Trace 
Z-Aminoethanol 3 Trace 

Trace concentrations denote values less than detection limits. Trace 
masses denote values less than 1 Kg. t.,--A- ~~~~~~~~.~~~~~~.~ .I--~ ~~~ ~. vvasw cmcemrawms mown are ar point of generation; noi ai ine otiaii io ihe 

IWD. 
Waste constituents (if any) in run-off are unknown. 
Average concentration of Na and Cl ions. 
Waste snlvnnk incl#ldinn ~hlnrinatari anrl flnmrinat& __.._... - .._. --... u -...- -.-- _..- ..__...._._ - 
hydrocarbons, acetone, methanol, and toluene. 
Approximately 1,000 gal./yr. 
Approximately 500,000 gal./discharge between 1956 and 
1967 at a rate of one discharge per each two years. 
Mogul contains polyphosphates, phosphine, and 
benzyltriazile. 
Approximately 2,000,OOO gal./yr. 

C?!.; Approximately 2,000,OOO gal./yr. ^----..i---_-.~~ -.- ̂ ^^ .~.. ,~~~. \.- IU, - npproxwrkire~y r44,uuu gat./yr. 
(*I 1) - These operations are similar to typical photographic 

operations associated with film development. 
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Since 1953, routine radiological monitoring of process water, cooling 
water, effluent water, and buildings and grounds has been performed at 
NRF. Currently, water samples are collected weekly from the IWD and 
other discharge locations, and analyzed for gross gar, ,. :;a radioactivity 
using gamma spectrometry. All samples collected for non-radiological 
analysis are screened for radioactivity using a gamma detector prior to 
ieaving NRF. Addiiionaiiy, radioiogicai surveys are performed aiong the 
IWD, and sediment, soil, and vegetation samples are collected and 
analyzed for gross gamma radioactivity on an annual basis from five 
locations in the interior and exterior IWD. Cobalt-60 and Cesium-137 are 
,hP nr,a,-4nminln+ .aAinn, ,r,ir(tlc idnn+i~inA rh win” ,hic I”d\,Ck cdhait 3, 1,x4, ..,- r.-“-“‘..“... .~..,*“I.Y”,,Y”” ,,.” ,,.,, IIU uu,,,,y .Illcl U”U’~.,,“, UI”.,,, UL I”,. 
levels as exemplified in Table 2-5. Cobalt-60 results from wear products 
from reactor plant equipment. Cesium-137 is the second most prevalent 
radionuclide found during routine monitoring, and is consistent with INEL 
background levels resulting from atmospheric weapons testing fallout. 
These two radionuclides are used to assess the presence of radioactivity 
during environmental monitoring at NRF, since they are easily detectable 
and are present with other NRF isotopes. 

Systems which contain radioactive liquids (e.g. reactor coolant, 
radiochemistry laboratory liquid discharge) with beta, gamma, and alpha 
emitting radionuclides, are physically isolated from those systems 
discharging to the IWD. At NRF, water containing radioactivity is 
r,.P.+e.i..nrl in rn..,,.,dr -rli+^~^A r.,r*^-^ ..,L.:,.l. I-- :..^,-,^A ‘.^- ,I.^^^ ““IILLIIIIT” 111 ilrpcuca,=J, IIIYIII,“IG” uyuLwIIs ““IIICIII al= lD”lalrU ,,“,I, Ul”Jci 
carrying other site effluents. Water containing radioactivity is collected, 
processed to remove the radioactivity, and reused rather than discharged 
to the environment. The reuse process systems include collection tanks, 
particulate filters, activated carbon columns, and/or mixed bed ion 
exchange columns to remove radioactivity from the water. Strict 
operational procedures have been used from the start of operations at 
NRF to control the release of radioactive materials. The results of 
sediment, soil, and vegetation samples collected from the IWD confirm 
that these procedures have been effective in keeping radionuclides from 
being discharged into the IWD, and that additional radioactivity sampling 
is not necessary. 

l--L,_ n e -_-_.:_I__ _ _----. I sue L-3 pruwoas a surrlrllary “1 UIL: I33 I 5011, seulmenr, vegeraoon, ano -1.L. 4IA. --.I -._I!--.~.. ~~-1-..- ~, 
water samples. Screening levels for soil and water are also listed. Water 
screening levels are taken from the 10 CFR 20 Appendix B Table 3 limits 
for radioactivity in effluent to unrestricted areas. The Cesium-137 
screenina limit for soil is t&en from the !NEl- Track. ! Guidance ~~ ~~ ~~~~_ ~~~~~~~ ~.~ . . 
Document, which lists this concentration as typical of fallout from 
atmospheric weapons testing. While no specific Cobalt-60 screening 
level is listed, the Cesium-137 screening level may be used for 
comparison. Cobalt80 has a much shorter halflife than Cesium-137, and 
its dose conversion factors for external and internal exposure are 
comparable to Cesium-137. All of the sample results from the IWD are 
less than the screening levels. In addition, Cobalt-60 and Cesium-137 
concentrations are less than the total concentration of naturally occurring ~~. ~I.- -8. ~8 ., raoconuaroes In SOII and sedimeni. 
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n--,.a:__, -.._,:I. _-_A__, Inn, I_ ___..__ ___. .-_._ _-A -___:__ nrlalyowl quallly C”IIU”I \“b, L” assu,e atir;“raw all” pretiw! 
radioanalytical results is provided by an interlaboratory quality assurance 
(CIA) program between the Bettis Atomic Power Laboratory (Settis) in 
Pittsburgh, Pennsylvania and NRF Chemistry. This QA/ClC program 
inchldaa writtan malvtiml nmm~!~war intnrnal nnr-i eutarnnl n~k-lit _. _ _ _ _ . . _ _. -., . _ _. p _________, .._..._. _.._ _..__..._. __- ___, 
performance evaluation sample analysis, and split sample analysis by 
outside laboratories @G&G and Idaho Chemical Processing Plant). 

Table 2-5 Summary of Routine Radiological Monitoring at IWD in 1991 

SOI: (t) c..4z-..-* ,,..-^*...i^” ,a,^..... 10, ~~“1111SII. rsysua,,u,t ..a.51 ,fE, 

W/gm) WVam) W/sm) (16’ uCi/ml) 

MEAN MAX SL MEAN MAX MEAN MAX MEAN MAX SL 
P^l...I*c,-, I co.1 IO22 I (3) I,n%Yl t 16 I-9.36 I <9.62 I C6.6 I <6.9 I “““6111-“” .“.U” . , 300 

Cesium-1371 0.25 I 0.49 I 1.3 1 0.36 1 0.60 1 co.16 co.26 I (4) I (4) I (4) 

pCi/gm Picocurie (1912 curie) per gram 
SL Screening level 

(1) < in front of a maximum value signifies LESS THAN the minimum detectable 
activity (MDA). A mean value preceded by < contains at least one value below . .- . MVA. 

(2) Water samples are analyzed for all gamma rays with energies between 0.1 and 2.1 
MeV. This energy range includes Cobalt-60, Cesium-137, and a wide variety of 
r\tlTar .l.-linnllrliAsc n‘ hntk “=+a Wll ?,“A msnAnsAn nrinin “.,I”. I”-.“..““.,-“- “I “I... . . ...“.“. “.,” . ..“.. .,.“..” -..J.... The Co”centr&iQns 
shown for Cobalt-60 are less than the minimum detectable concentrations for the 
analysis, assuming all gamma rays detected had come from that one radionuciide. 

(3) While no specific screening level for Cobalt-60 has been established, the Cesium- 
137 screening level may be used for comparison, since Cobalt-60 has a much 
shorter halflife and comparable dose conversion factors for both internal and 
external exposure. 

(4) Cesium-137 is inciuded in the equivalent Cobait-60 concentration discussed in (2j. 
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2.3.3 Process Input Locations and Characteristics 

Figure Z-13 identifies known waste water input locations to the effluent 
discharge system network. Table 2-6 lists processes at each input 
location discharging waste water to the IWD and characterizes categories 
of wastes associated with each process. Various waste streams were LL_ _--AL _ _I ..__ I 1__:,:*. 
combined /ii the biiii& C%iilvGk aloiig LIIC: IIUILII anu west rau~ky 
boundaries. Waste water discharges are combined and mixed by the 
time the flow reaches the IWD outfall. 

Table 2-6 Processes and Categories of Wastes at Identified Input Locations to the Effluent 
Discharge Network 

Input Waste Source 

6 

7 

6 

9 

10 

S5G cooling tower blowdown, storm water runoff 

S5G sump water drain, bilge water drain, boiler blowdown, hull basin drain line 

Facility runoff 

S5G steam generator blowdown, S5G oil/water separator effluent 

Facility storm water runoff and AlW oil/water separator discharge and steam 
generator blowdown 

Facility runoff, condensate ion exchanger regenerant solutions, boiler b!owdown 

QC photography lab waste, StW spray pond blowdown, SlW oil/water 
separator, Sl W steam generator blowdown 

Facility runoff 

Facility runoff 
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Figure 2-13 Waste Water Input Locations to the Effluent Discharge Network 
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2.4 Overview of Previous Investigations 

The DOE and EPA signed a Consent Order and Compliance Agreement 
(COCA) to begin investigations and corrections of environmental problems at 
the INEL under the RCRA. Implementation of the COCA started in 1986. 
During development of the COCA, NRF collected a series of samples from the 
interior Ditch System along the west side of NRF as part of the security fence 
upgrade. Under the provisions of the COCA, the investigation and closure of 
the IWD was to be performed in phases. Phase I activities consisted of an initial 
site characterization (sampling of the IWD and borehole studies), the 
preparation of the Phase I Closure Plan, and the 1987/88 Closure Plan Sample 
Collection Project, which performed soil sampling and analysis recommended 
by the Phase I Closure Plan. The Phase II Closure Plan summarized the results 
of the Phase I sampling activities and outlined the next phase of sampling. This 
i”,.l,,A^A _ PI”“4 -..a n,,,,. E&.-I.. ^ c! _^..^ .A \A I^.^- LA--U-i-- n ----_I IIl”l”“r” a I 1anII all” npjcw uwuy, a “I”“II” ““awl I”l”llll”lllly rr”yra,ll, aiid 
Well Drilling and Hydrogeologic Investigation. Sections 2.5 through 2.8 provide 
the descriptions and results from all of these COCA and pre-COCA 
investigations. 

2.5 Initial Sediment Characterization Sampling Results 

In 1985, NRF collected and analyzed sediment samples from the IWD for the 
first time. The results of this study formed the outline for the sediment samples 
collected in 1986. Detailed characterization sampling of the IWD was initiated in 
1986. This sampling was considered necessary since the IWD was the final 
receptor for all industrial waste water produced at the NRF. From this 
perspective, this part of the effluent discharge system network was considered ._ L- .L- “~~~.~... ro oe me worsr case scenario wren respect to disposai of industriai waste water . ..~I ~~~ ~~ .~ . . . 

and potential contaminant migration. The data collected during this effort was 
originally presented in the Phase I Closure Plan, and is summarized in Sections 
2.51 through 2.5.3. 

2.5.1 Sediment Samples (1985) 

In October 1985, soil core samples were collected from the interior 
uncovered portions of the industrial ditch immediately bordering the north 
and west facility boundaries. These samples were collected in 
conjunction with a security fence upgrade and prior to the installation of a 
culvert along the west side of NRF which is currently between the two 
security fences. Samples were collected in order to identify the types of 
contaminanis preseni within this portion of the interior industrial ditch 
network. Both vertical and lateral cores were collected from the top 15 
inches of the ditch surface or embankment, and from several background 
locations near the facility. Following extraction or removal, each core 
U,IC Ai.,i,-4c,A in+n ‘i,m rn..rrr+,. +I.*,.- irrh ^^r...^r+r -- ^^...^I^.. Tple ..UI “l”l”I” III.” 1111 ilrpa,cl,r LIIITT liIL.4, ary,,lcl,Lr “I xa,I,tJ,.J’J. 
samples were analyzed by NRF chemistry department using digestion 
method 3050 from Solid Waste (SW) 846 second edition July 1982. 
Analyses methods 7190 for chromium with a Method Detection Limit 
(MDL) of 5 ppm and method 7761 for silver with an MDL of 0.5 ppm. 
Figure 2-15 identifies specific core locations along the channels bordering 
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the facility. individual samp!es from each core were ana!yzed for tota! 
chromium and silver content since previous operating data had indicated 
that relatively higher levels of these two constituents could be present in 
the ditch. Tables 2-7 and 2-8 present the analytical results of samples 
analyzed for chromium and silver, respectively. Background samples 
were collected. 

2.5.2 Shallow Sediment Samples (1986) 

ln October iQ86, i2 ShaiiOw sedimeni sampies were coiiected from the 
uncovered exterior portion of the ditch extending northeast from the 
facility. Figure 2-16 illustrates the exterior uncovered channel and the 
locations where shallow sediment samples were collected. Data 
suonested ihat ~hrom!lcr! --~uz-- ( r-hm +n tt-m InsPe nlm.a-4 in tkn I\nrl sums SIrI he --- .- . ..- . ..--- r...--.. ,., .a.” a..-, ,.““I” ” 
the principal constituent of concern. The 12 samples were collected 
between the outfall and the end of the ditch, 3.2 miles from the outfall, 
and were analyzed for total chromium. Background samples were not 
collected during this sampling session. Visual observations revealed that 
liquid discharges did not flow the entire length of the IWD, but percolated 
into the ground within approximately 10,600 feet (two miles) from the 
outfall. Different zones of “contamination” were also visible along the 
length of the ditch containing liquid waste. The first 5,800 feet of the 
ditch were characterized by iiowing surface water approximately 18 
inches deep, visible oily sheen on the surface of the waste stream, oily 
sludge on the channel bottom, and few species of plants growing near 
the water’s edge. The section of the ditch from 5,800 feet to 9,000 feet 
was chara!zterized hy c!o*w “ ..ow-ixg liquid eff!uent, 24 to 60 inches deep, 
visible oily sheen on the surface of the waste stream, no oily waste on 
the channel bottom, and dense vegetation growing near the water’s 
edge. The section of the channel from 9,000 feet to 10,600 feet was 
characterized by a shallow, slow flowing liquid effluent, no visible oily 
sheen on the water surface, and dense vegetation near the water’s edge, 
as well as a variety of aquatic organisms. The water flow ended at 
approximately 10,600 feet. In general, visual observations suggested that 
oily waste was only present along 9,000 feet of the 16,900 foot ditch. 
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Figure 2-14 Monitoring Wells Near NRF 
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Figure 2-15 1985 Specific Core Locations 
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Sam- Channel 
Pie Location 
# vu 

Table 2-7 Total Chromium Concentrations 1985 

Core 
Type Chromium Concentration (ppm) 

(in.) 3 6 9 12 15 18 21 24 

West Channel 

WI Start (0) 

w2 400 
w3 578 
?J4 731 
w5 084 
W6 986 
w7 1037 
WB 1088 

w9 1207 
WlO 1343 
Wll 1462 
WI2 1751 
WI3 Outfall 

Ni Start (0) 
N2 102 
N3 ,223 
N4 510 
N5 646 
N6 697 
N7 884 

2 1122 1445 

Backaround 

81 WOfWl 
82 w of W7 
83 Outfa!! 
84 N of N8 

Vertical 
Vertical 
Lateral 
Vertical 
Vertical 
\,..di^rl “WI LlbsII 
Vertical 
Vertical 
Vertical 
Vertical 
Lateral 
Lateral 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Lateral 

* 
l 

* 
l 

* 
* 
* 
* 
l 

* 
l 

* 
* 
* 
* 
l 

* 
* 

Vertical 
Vertical 
VWtiCa! 

Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Lateral 

* 
l 

* 

* 
* 
* 
* 
l 

* 
l 

Vertical 
Vertical 
\/.3rti.-~.l . “I .,“.A, 
Vertical 

35 
26 
* 
l 

* 
* 
* 
* 
l 

t 

96 

110 
* 

* 

17 
l 

* 

* 

* 

* 

l 

t 

l 

* 

* 

* 

* 

59 
* 

l 

l 

* 

* 

* 

l 

* 

l 

l 

* 

* 

* 

II 

43 
91 
40 
100 
75 
l 

* 

* 

* 

* 

1200 
180 

* 
27 
27 
160 
* 
51 
l 

t 

* 

l 

38 
27 
* 
* 

* 

28 
* 
l 

* 

* 

29 
25 
54 
200 
38 
* 
* 
l 

* 

l 

950 

140 

26 
11 
20 
28 
40 
19 
* 
* 
* 
* 

* 
* 
23 
22 

20 NC NC NC 
41 92 37 NC 
39 14 10 16 
* * l * 
* * * * 

26 
22 
43 
49 
47 
* 
* 
* 
100 
200 
36 
66 

19 
24 
32 
31 
32 
* 
29 
* 
400 
270 
17 
120 

NC 

25 
23 
27 
33 
44 
39 
98 

190 
180 
25 
72 

NC 
NC 
27 
20 
NC 
NC 
41 
72 
67 
530 
NC 
NC 

38 
10 
24 
16 
29 
31 
60 
58 
l 

31 

* 
* 
22 
22 

21 7 11 
13 5 NC 
17 18 NC 
16 17 NC 
31 NC 35 
28 80 NC 
54 18 NC 
29 14 10 
25 15 NC 
27 17 13 

* 
* 
21 
24 

21 
21 
23 
24 

l 

l 

26 

20 

l Not able to collect sample. 
NC Sample not Collected (encountered basalt). 
ND Not detected. 
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Sam- Channel 
pie Location 
x (ft) 

T-LX- n n T-l-8 “:I ..-- e ---_- .__*:___ .nmr I ci”llj L-O I Ural JII”t$il CIUllG~llllauulls ,503 

Core 
Type Silvy Concentration (ppm) 

(in,) 3 6 i 12 15 18 21 24 

West Channel 

Wl 

w2 408 . . .^ --^ VW 3/t! 
w4 731 
w5 884 
W6 986 
w7 ! 037 
W8 1088 

ws 1207 
WlO 1343 
Wll 1462 
WI2 1751 
w13 Outfall 

Start (0) 

North Channel 

Nl stsrt mr 
N2 iG‘ '-I 
N3 323 
N4 510 
N5 646 
N6 697 
N7 004 
N8 1122 
N9 1445 

Backaround 

Bl WOfWl 
02 w of ‘W 
83 Outfall 
04 N of N8 

Vertical 
Vertical 
Lateral 
Vertical 
L’eriicai 
Vertical 
Vertical 
Vertical 
Vertiral . _. ..--. 

Vertical 
Lateral 
Lateral 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Laierai 

* 
l 

* 
* 
* 
* 
* 
l 

l 

* 
* 
* 
* 
* 
l 

* 
* 

Vertlca! 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Lateral 

* 
l 

* 
* 
* 
* 
* 
* 
* 
l 

Vertical 
\,^di^^l VT, w.,a, 
Vertical 
Vertical 

ND 
ND 
* 
l 

* 
* 
* 
* 
* 
* 

~25 
<30 
* 
* 
ND 
l 

l 

* 

l 

* 

t 

* 

* 

* 

* 

* 

3.9 
* 
” 
t 
l 

l 

* 

l 

l 

l 

* 

* 

l 

* 

* 

0.8 
3.2 
1.2 
13 
3.5 
* 
* 
l 

l 

l 

1.4 
i 6 

l 

1.1 
0.8 
13 
* 
2.8 
l 

* 

* 

1 

ND 
ND 
* 
l 

* 

ND 
* 
t 
I 
* 
ND 
ND 
ND 
ND 
1.7 
l 

t 

* 

* 

* 

1.7 
i .8 

0.6 
ND 
ND 
1.4 
1.7 
ND 
* 
* 
* 
l 

l 

* 

ND 
ND 

ND 
ND 
ND 
* 
* 
* 
0.5 
ND 
ND 
ND 
3.6 
* 
t 
* 
>79 
3.5 
ND .- 
NU 

1 .o 
ND 
1.4 
0.5 
0.9 
ND 
5.7 
4.7 
l 

3.7 

l 

* 

ND 
ND 

NC 
ND 
ND 
* 
* 
l 

ND 
ND 
ND 
ND 
ND 
* 
ND 
* 
6.5 
14 
ND . .- 
NV 

ND 
ND 
ND 
ND 
1.4 
ND 
I .6 
0.9 
1.5 
1.1 

* 
* 
ND 
ND 

NC 
ND 
ND 
* 
* 
* 
NC 
ND 
ND 
ND 

‘ND 
0.7 
3.0 
ND 

>31 
0.5 
ND . .- 
NV 

ND 
ND 
ND 

z: 
7.3 
0.7 
ND 
ND 
1.0 

ND 
ND 
ND 
ND 

NC 
NC 
ND 
l 

l 

NC 

NC 

ND 

ND 
NC 
NC 
1.7 
0.6 ,_ 
2.8 
1.2 
NC . .^ 
NL 

ND 
NC 
NC 
NC 
1.4 
NC 
NC 
ND 
NC 
0.0 

* 
* 
ND 
ND 

* Not able to collect sample. 
NC Sample not Collected (encountered basalt). 
ND Not detected. 
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figure 2-16 Shallow Sediment Sample Locations for Chromium Determination (1986) 
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Table 2-9 presents chromium data from shallow sediment samples 
which were collected along the IWD in October 1986 using a coring 
device. Samples were collected at the outfall and proceeding northeast 
for approximately 3.2 miles. Results of the data indicate that chromium 
levels measured as total chromium exceeded 1965 fence upgrade 
background ieveis from tine outfaii io the end of ine ditch (3.2 miiesj. 
Measured values ranged from 49 ppm total chromium to 1300 ppm 
total chromium, with an average concentration of 262 ppm total 
chromium. The presence of chromium in the ditch did not appear to 
hP m rrc,,sa+~rl with \,id-,,,a nhconr~tinne n‘ ,.il\, >rr=.s+!3 c;nr,2 rhrnmi, Irn .,” --..“.w.-- . . . . . . .,“.“.” ““““..“.,“.I” “I Y”, ..““.I) “III”” “III”IIl,“lII 
was present along the entire length of the ditch, while visible evidence 
of oily waste was only observed along the first 9,000 feet of the ditch. 
Concentrations of oily waste appeared to decrease along the length of 
the ditch, while chromium concentrations remained relatively constant 
throughout the length of the ditch. Average concentrations of 
chromium in most of the sample locations were similar (200 - 250 ppm 
total chromium). This project was a limited sampling effort. Adequate 
quality control information, such as duplicate sample results, matrix 
spike resuits, or decontamination procedures is not available to perform 
a detailed data validation. . 

The data collected during this effort were presented in the COCA 
Phrrr I P,rr,,rr D,.,.. ,..*,...,,*,.A b.., k,PC C”..:r^r-^ll^l P.^-r-^l^\ I ,,a*.2 I “I”si”Icz I ,cl?1, \prparu uy 1.111 LII”tI”IIIIITII1a, U”,W”,J,. 

2.5.3 IWD Sediment Core Samples (1986) 

Core samples were collected from the IWD in November, 1986 to 
obtain comprehensive data identifying the universe of contaminants 
present in the IWD to a depth of 15 inches. In order to reduce costs 
and meet sampling goals, cores were extracted from the portion of the 
ditch containing liquid waste. Samples obtained from the area of the 
channel containing liquid waste best represent the portion of the IWD 
constantly subjected to water flux and potential waste migration. Ten 
cores were collected at 0.3 mile intervals along the ditch beginning at 
the outfall and extending along the channel to a length of 
-_--^-: -^,^I., , D . . ..I^^ “*A ‘--^. ^^^ L^^I< __^..^ a I^^^&:^^ nnn ‘̂ ^I alJpt”“lll~a,~,y I.cl ,,WGci, aI” ll”lll “IIFi “awtyl”“ll” I”~au”II L”” lcw, 
southeast of the fifth sampling point. The background sample was 
collected in an undisturbed area that consisted of dry clay soil similar to 
the clays found in the IWD. Each core consisted of five three inch 
seamants. Fioure 2-17 i!!ustr&s Borg s~r?ydn Incatinnn --s-.--..--- .a--- - .- r.- .-_- .._.._. 

The sampling area was gridded into 0.2 mile sections and individual 
sampling points ware marked with survey stakes. Cores were extracted 
using a carbon steel coring device fitted with an acrylic tube insert. The 
device was designed to reduce the risk of cross contamination as well 
as the ability to survive the impact of sampling sand/gravel alluvium. 
Following individual core extraction procedures, the collection device 
was decontaminated and refitted with a new acrylic tube insert. 
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Table 2-9 Total Chromium Concentration for 1986 Shallow Sediment Samples 

EXTERIOR UNCOVERED DITCH 

All samples were collected from a depth of zero to six inches. 

Sample 
No. 

i 

2 
3 
4 
5 
6 
7 
6 

9 
10 

11 
12 

Distance from Oulfall 
(f-4 (mi) 

00000 ^_^ ,^ ., . . -.. - wuu (uuuamal~ _ uncn aeginsj 
01056 0.2 
02640 0.5 
04224 0.6 
05606 1.1 
07392 1.4 
OS976 1.7 
10560 2.0 (Water Ends) 
12144 2.3 
!3?26 2.6 

15312 2.9 
laa!% 3.2 (Ditch Ends) 

Total 
Chromium 

km) 

3”” 
170 
120 
210 
100 

1300 

49 
290 
36JJ 
!20 

60 
62 

Method # 

* 
l 

f 
t 
* 
* 
t 
* 
* 

t 
t 

MDL 
II 
l * 

** 

** 
t* 
tt 
l * 

f” 
l . 

t* 

l * 

l * 

1966 Data was compared to Background data collected during 1985 fence upgrade loess samples. 

1965 chromium Data 
sampie sbe 16 
mean 24.68 
standard deviation 5.05 

l Test methods not locatsd 
** MDL not locatsd 
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Analyses were conducted at a contracted laboratory. Prior to obtaining a 
contract for the analvses lnhnrntnrv m mlitv ccn?rg! nrnrerl~ wo.r wore -..- .,___, .-- _._._., _I --..., r. ” -- - -. I 1 . . ” - 
reviewed, and were found to be acceptable. Samples were analyzed for 
Volatile Organic Carbons (VOCs) and 13 different heavy metals. Included 
in the analyses was the differentiation between concentrations of trivalent 
and hexavalent chromium species. These categories of compounds 
were selected for analysis since the presence of metals had been 
identified from previous data, and oily waste was visibly present in the 
channel. Analyses were conducted following EPA procedures for 
‘Appendix VIII’ constituents excluding Semi-Volatile Organic Carbons ,...,nm_\ --_I r~&~.--..- I * I--. \Pvvtis) ano ucrracnon rroceoure (et-) meiai toxicity. A summary oi 
results from the analyses is presented in Table 2-10. Data is presented 
as the total metal concentration from the ground surface to a depth of 
three inches (one of five samples from one core). Background data 
ranr~santa tha swosrane mnmv,trstinn frnm fmw ~onrn~n+e mllnrtnA f.nm __r__- _..__ . ..- -.-.-=- “_..__....” ..-.. ..“... .““. “.,J...“.‘.” ““II”“.“- IIVIII 
a single core. 

The data presented in Table 2-10 indicates that seven different heavy 
metals were encountered in channel sediments alone the IWD. including 
chromium, mercury, lead, copper, zinc, nickel, and silver. Concentrations 
of most heavy metals were higher in the upper channel surface (from the 
ground surface to six inches) than in samples collected at depths from 
within the channel (12 to 15 inches). Table 2-11 identifies the total metal 
conceniraiions in channei sediments at a depth of 12 to 15 inches. 

The data presented in Table 2-11 indicates a decrease in metal 
concentrations between the channel surface and a depth of 15 inches at 
mnct nP.*a hre,innr Yn,...\.,r\e III”“. ““I” I”“YU”II11. I IV.lrl.2, - ,:...:+..A r,,rl.^r ^I ^^_^^ A^..:-A--1 , a lllllllr” IIUIIIUTI “I CVIQJ “qm.,,~” 
increases in metal concentrations from the channel surface to 15 inches. 
Figure 2-19 identifies changes in total chromium concentrations along the 
length of the channel and changes with depth through the channel to 15 
inches. Figure 2-113 also indicates decreases in chromium concentrations 
from zero to 15 inches at most core locations. However, chromium 
concentrations increased with depth in cores collected at 0.8 miles and 
1.8 miles. Variations in metal concentrations may be attributed to varying 
soil types along the length of the channel and with depth. Several core 
samples could only be collected to nine inches due to the presence of 
basalt. Other core samples were difficult to obtain due to the presence of 
coarse alluvium. Several cores were collected in clayey soils. In 
addition, the surfaces of several cores consisted of a thick layer of algae. 
Cl.&. ..‘,I.^~^ ‘̂ d,.-” :^ ^..__ &_A *_ :_‘I.._-__ .L- _____-I.- II__. -1~ LSIbll “I u,n*o Iabl”IJ IJ Gy.n5~.l~” L” IIIII”t!:IIUt: LIle r;“rlr;erlrrauor,s 0, 
metals present in samples. 



IWD RI/FS 
Work Plan 
September 1992 
Page 2-46 

Table 2-10 Total Heavy Metal Concentrations for 1986 Core Samples 

IWD LENGTH 

Sample Locatlon 
Feet Miles 

TOTAL METAL CONCENTRATION (ppm) TO 3 INCHES 
IData for ! of 5 samnlr4z from 2 sin&a mrd 1---- --- _-...r__ ..-...- _... ~_ --.-, 

a+6 Crt3 Hg Cu Pb Zn Ni Ag 

0000 Olllfall 5.1 

1056 0.2 6.7 

2112 0.4 17.0 

3166 0.6 12.0 

4224 0.8 9.2 

5260 1.0 5.3 

8335 i.2 i.4 

7392 1.4 2.6 

8448 1.6 17.0 

9504 1.8 1.1 

1966 Core Backaround 
Rac!inm~~nrl lnnml ___..=. --. .- \rr . . . . 14 
Standard Deviation 3.8 
Method Number * 
Limit of Detection ppm 0.1 

690 11 130 40 190 72 3 

280 17 150 40 170 110 5 

350 17 220 50 460 130 4 

620 48 170 40 160 52 10 

260 6 170 40 330 63 3 

170 2 41 16 290 40 1 

77 2 44 <iO 11” 30 ND 

62 0.3 26 12 190 50 2 

1200 2 99 18 220 30 ND 

30 ND 14 <lO 74 30 1 

45 NO 29 19 149 35 0.07 
5.8 NA 2.5 8 52 10.5 0.27 
t * l * * t l 

5.0 0.05 1.0 1.0 10 5.0 0.5 

Note: 
ND - Not Detectable 
NA _ Not Applicable 
l - Test method not located 
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Table 2-11 Total Heavy Metal Concentrations for 1986 Core Samples (12” - 1.5”) 

IWD LENGTH TOTAL METAL CONCENTRATION (ppm) FROM 12” _ 15” 
(Data for 1 of 5 samples from a single core) 

Sample Location 
Feet Miles 

Cr+6 Cr+3 Hg Cu Pb Zn Ni Ag 

0000 (Outfall) 

1056 0.2 

2112 0.4 

3168 0.6 

4224 0.8 

5280 1.0 

s33e t.2 

7392 1.4 

8448 1.6 

9504 1.8 

NA NA NA 

0.4 SO 0.13 

1.2 40 0.26 

1.0 50 0.08 

0.8 510 0.04 

5.7 40 ND 

NA NA NA 

1.1 55 0.31 

12.0 79 ND 

19.0 200 0.23 

NA NA NA 

17 10 67 

24 10 100 

31 30 200 

22 20 56 

21 15 140 

?!A NA NA 

25 11 130 

33 17 170 

56 22 420 

NA NA 

10 ND 

20 ND 

57 1 

30 ND 

40 ND 

*IA LO& owl I”,-. 

20 ND 

50 ND 

63 1 

1986 Core Backaround 
Background (ppm) 14 45 ND 29 19 149 35 0.07 

Standard Deviation 3.8 5.8 NA 2.5 8 52 10.5 0.22 

Method t t t * * l * l 

Limit of Detection ppm 0.1 5.0 0.05 1.0 1.0 10 5.0 0.5 

Note: 
NU - Not Detectable 
NA - Not Applicable (No sample collected) 
l - Test method not located 
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VOCs were not present in core samples collected along the length of the 
ditch to depths of 15 inches: with the exception of five samples These 
five samples contained traces (1.2 to 4.6 ppb) of methvlene chloride, a 
common laboratory artifact. The lack of data confirming the presence of 
VOCs was not expected since it is possible to see a thin layer (2-3 
inches) of oily residue along the length of the ditch and disturbance of 
channel sediments produces a black, oily residue in the waste water 
flowing through the channel. 

The data collected during this effort were presented in the COCA Phase I 
P I^^,._^ “I,.^ I-,.^---- _I L.. Ll”f- r___:___-__*_I c.--._-1-t “l”J”lrj r,cu, ,I.“lqJ’arc;u uy ,YlYI- ~.II”II”lllllell,al bolnruls,. 

2.6 1987/86 Phase I Closure Plan Sample Collection Report 

In !Q@71 NRF contrac&yj with Envir~dvna Fnninaara Inr tn rnllart dataila-i I-‘- -” =. - -. - - .- --. - -. - - .-. - - 

samples characterizing the IWD as defined in the Phase I Closure Plan. The 
tasks involved in completing the investigation consisted of two primary activities; 
conducting a preliminary shallow soil sampling and analysis program, and 
conducting a series of both shallow and deep boreholes. The contract included 
provisions for detailed sampling inside the NRF, background sampling, and 
sampling of the IWD channel. 

Sampling was performed to provide an accurate and comprehensive evaluation , .,~ OT me consrrruenis present in ine Ntir- IWU. I ne data coiiecied during this . ..-- . - -. 

investigation is summarized in Sections 2.6.1 through 2.6.3. 

2.6.1 Background Sampling 

In 1967/66, eighteen soil samples for background data. Samples were 
collected from surface areas and old stream bed channels associated 
with the historical flow of the Big Lost River. Dry stream bed samples 
were considered significant, since the IWD originally had been designed 
to flow in the course of an old channel. NRF speculated that constant 
water action may have deposited sediments in the channel beds with 
higher concentrations of heavy metals than surface soils unaffected by 
run-off in the Big Lost River. Background samples from these two 
situations (surface areas and stream beds) were expected to consist of 
three soil types including loess, sediment from old dry river bed channels, 
and older alluvium. These three soil types were considered the only soil 
types present in the IWD which could have been affected by waste 
,-k,-.“.2l, nnnrcltir\nc Tha nhs.ri,.e,l A-.-.-rieirrn rr‘ +hn c,.ih -de.- -w^.*iA^.-l ..“~“~.... ~pe”‘U.‘“‘I~. 8 I IY ~“y.7w.m “‘~““LW’I “l &I I= Y”II.a LII.2” p”“‘“r” 
the opportunity to collect data with varied depth. Loess and channel 
sediments were located on top of the older alluvial soils. Care was taken 
to ensure that samples collected represented background levels and 
were not influenced by facility operations. Selected background sample 
locations are illustrated in Figure 2-19. 

Table 2-12 provides the results of background sampling. No organic 
compounds were detected; the results of analyses for metals alone are 
presented in the table. Thirteen metals were evaluated, including 
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Figure 2-19 1967/66 Background Sample Locations 
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Table 2-12 Summary of Background Samples Collected 

-. 

Sample Sample Sample Total Metal Concentration (ppm) 
# Type Depth 

As Cr cu Pb Ni Zn Ag 

surface Soils 

1412 Loess 
1413 Afvm. 
1414 Loess 
1416 Alvm. 
1428 Loess 
i423 ioess 
1486 Loess 
1467 Alvm. 

M--7”- 
“” -8” 

70”-75” 
oO”-24” 
24”-31” 
Oo”45 
451-761 
00’34 
34”42 

6.8 30 24 20 32 i5i ND 
12 27 20 11 31 128 ND 
6.3 23 21 19 33 129 ND 
1.8 24 15 9.9 24 86 ND 
5.2 34 26 20 38 162 ND 
9.8 49 37 22 61 254 ND 
7.5 45 32 28 52 247 ND 
5.8 21 14 10 25 116 ND 

Dry Stream Beds 

1418 Sedm. OO”-CI6 7.9 39 32 21 45 191 
1419 Lows lo”-14” 7.0 24 24 14 39 146 
1420 Sedm. OO”J36 3.6 32 26 27 33 161 
?42i AIVR og-; 2” 6.0 i5 i5 i2 23 89 
1422 Sedm. OO”Q4 5.9 24 23 19 31 151 
1423 Loess 08”-12” 3.9 17 12 32 22 w 
1424 Sedm. Oo”Q4” 9.6 108 36 32 46 218 
1425 Alvm. w-12 7.4 34 25 23 40 143 
1426 Sedm. 00’03 7.9 35 21 21 32 135 
1427 Afvm. w-1 2 5.6 28 18 4.0 29 119 
1428 Loess OO”4 5.2 34 26 20 38 162 
1429 Loess 44”-76 9.8 49 37 22 61 254 

Statfstlcal Data (all samples) 

# of Samples 
Mean (x) 
Method 
MDL 

20 20 20 20 20 20 
6.8 34.6 29.2 1x3 --- 36.7 154.9 
t l t l * l 

l . t. ** t* l * l * 

ND 
ND 
ND 
. .- 
NU 
ND 
ND 
0.8 
0.5 
ND 
ND 
ND 
ND 

20 
0.06 
t 
** 

NOTE: 
Sb. Be. Cd, Hg. Se, and TI not detected in any samples. ND - Not Detected 
* Test methods not located 
** MDLs not located 
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chromium, mercury; lead, ~-!icke!~ si!ver, copper arcnnir hnnrrrrl mm , - 1-. ..“( --, ,.‘.“‘, ,, 
cadmium, and selenium. All of the metals were not detected in all 
samples. Therefore, only those metals with concentrations greater than 
the detection limit are listed. 

2.6.2 COCA Phase I Sediment Sampling 

Figure 2-20 identifies the locations of core samples extracted from 
exterior channel sediments to a depth of 12 inches. These samples were ___ I____ 2 z__ _-----L-~...~~~ s.LIA^ arrary~eu rur uornprenensrve ~VUCIS, pesiicides/PCSs, and heavy and tP 
toxicity metals (chromium, lead, silver, mercury). Table 2-13 summarizes 
Total Metal and EP toxicity concentrations for the core samples. 

Table 2-13 indicates the presence of chromium load ~P~PII~I s-d sifver , .---, . ..-.-“.., “,. 
greater than background levels in channel sediments to depths of 12”. 
However, none of the collected samples were EP toxic. These sample 
analyses predated the TCLP analysis; however, based on the nature of 
the analysis method, none of the samples would have been expected to 
exceed the TCLP limits. 

Table 2-13 provides information indicating the types of organic 
compounds present in the IWD sediments. Analysis was also conducted 
for pesiicidesjPCSs, using UStPA GLP prOtoC0i.S (SOW 787); however, .---. -. - 

none were detected. 

Table 2-13 indicates the presence of various organic compounds in 
channe! sediments. fine Cnmnnl ,“A rln+arl.v4 I,“, to of 12 sap,p[es is -. . . ““..‘r-“..” I”.““.“” 
2(3H)dihydrofuranone. This compound was identified during a library 
search as required in the CLP SOW and is associated with “cutting oil” 
products and may be present due to historical uses. All of the other 
listed compounds are attributable to laboratory artifacts (methylene 
chloride), decontamination (acetone), or sampling containers (phthalates). 
Other analyzed organics which were not detected included herbicides, 
organo-phosphates, and carbofuran compounds. 

.--- ,-- The IYU(JI/LI~~ Pnase i Ciosure Pian Sampie Collection Report data 
indicates that the IWD sediments contain various heavy metals in 
concentrations higher than surface soil background levels, but do not 
exceed EP Tox levels. These sediments are also not expected to exceed 
Tox;ci$, Cha~a”‘̂ Ae+‘,. I rrrL.hr P-^--A .-- IGcIIgI1u Leak,~i~~~y ~GVCI~UUICI (TCLP) le\i&. i&i& St2 
generally located within the upper several inches of the channel 
sediments. Organics in the form of oily waste degradation products are 
also present in the IWD. Chromium is the most prevalent contaminant in 
the IWD sediments and has been identified over the entire 3,2 mi!e 
length. The quality and useability of these data are unknown. All existing 
data will be evaluated during the RI/FS process and based upon this 
evaluation, the existing data will be used as appropriate. 
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2.63 COCA Phase I Dredge Pile Sampling 

The IWD has been dredged on at least two separate c;cssions 
(19731975 long dredge and 1980). Dredging was necessary to clear the 
channel of reeds and other plant growth inhibiting waste water flow. The 
channel was dredged with a drag-line which scooped sediments from the 
channel and placed them in piles, approximately 10 to 15 feet wide and 
two to five feet deep, along the ditch embankment. The entire ditch, from 
the outfall to 1.65 miles, has been dredged. A total of approximately 
13,600 cubic yards of dredge spoils are present along both channel 
embankmenis. Figure 2-21 ideniifies ine iocations of dredge spoii piies 
and selected sampling locations. Table 2-14 summarizes the results of 
samples collected from the piles during November 1987. Samples were 
collected along each embankment at 0.2 mile intervals. 

Each sample consisted of a composite core extracted through the entire 
depth of the dredge spoil pile. Samples were analyzed for seven 
selected metals detected in previous sampling, including mercury, 
chromium, silver, lead, zinc, nickel, and copper. A portion of each core 
sample was also collected and combined with other core samples to 
form four Appendix VIII samples. Appendix VIII analysis refers to 
Appendix VIII of 40 CFR 281, which contains a list of chemicals that have 
been shown to have toxic, carcinogenic, mutagenic, or teratogenic effects 
on humans. The Appendix Vlll list is utilized for determination of a 
universe of constituents that may be present, and is used to screen soils 
and ground water potentially contaminated with unknown chemical 
constituents. The Appendix VIII analysis includes tests for VOCs, SVOCs, 
Q,,,fi,.h r.,m-.irls T,.,rl n*“r”i^ uII:A^^ ITT\“\ YYIII”“, “,c..‘““‘, n wan utyatw rxmun \uvr.,, Toi& Oigaiiic Caiboti 
(TOC), and 26 metals. Each Appendix VIII sample represents one-half 
the length of the ditch along both sides of the channel. From this 
perspective, each block of data presented in Table 2-16 is also 
represented by an Appendix VIII sample. Appendix VI!1 samples were 
collected to ensure that adequate characterization of wastes was 
performed. Dredge spoil piles were selected for sampling since wastes in 
the piles represented channel sediments potentially contaminated from 
the onset of operations at the NRF. The results of Appendix VIII analyses 
are presented in Table 2-18 (inorganics) and Table 2-17 (organics). 
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Figure 2-20 Locations of Core Samples Collected From the IWD Channel at Depths 00-12 
inches 
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Table 2-13 Summary of Total Metal and EP Toxicity Concentrations for COCA Phase I 
C,.rli...r.4 P^.....li-r uT”IIIlrlll ua’!p”“y 

SAMPLE DATA CONCENTRATION OF HEAVY METALS 
IN SOILS 00 TO 12 INCHES (ppm) 
Sample Depth Zero to Twelve Inches 

Sample Sample Sample Total Metal EP-Toxicity 
# TYPO Location 

(mi.) Cr Pb Hg Ag Cr Pb Hg Ag 

1409 Sedm. Outfall 321 35 24 5 ND ND ND ND 
1406 seclm. 0.20 179 29 i.6 i.6 ND ND Pii2 NC 
1411 Sedm. 0.20 178 20 2.6 1.3 ND ND ND ND 
1407 Sedm. 0.40 197 16 0.9 0.6 ND ND ND ND 
1406 Sedm. 0.60 714 31 0.5 2.9 ND ND ND ND 
1405 Sedm. 0.80 200 24 0.6 1.8 ND ND ND ND 
1404 Sedm. 1 .oo 266 26 3.4 2.6 ND ND ND ND 
1410 Sedm. 1 .oo 207 26 1.1 1.9 ND ND ND ND 
1403 Sedm. 1.15 424 42 1.4 4.9 ND ND ND ND 
1402 Sedm. 1.35 474 23 3.4 2.3 ND ND ND ND 
1401 Sedm. 1.55 204 22 0.n I.3 ND ND ND ND 
1400 Sedm. 1.75 360 22 0.7 2.3 0.01 ND ND ND 

ND - Not Detectable 
.*^*L..A ,“I~,, Iuu 
MDL 

* * * * * * * * 
l * l * ** l * l * ** l * tt 

Note: 
* Test methods not located 
** MDL not located 
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Table 2-14 Summary of Organic Compounds Detected in COCA Phase I Sediment Sampling 

SAMPLE DATA CONCENTRATION (ppm) OF ORGANICS IN SOILS 00 TO 12 INCHES 
Sample Depth Zero to Twelve Inches 

Sample Sample 
NO. Type 

1469 Sedm. 

Samnln ~~~ ark 
Location 
04 

OLltfdl 

Constituent 

bis(2-ethylhexyf)phthalate 
2j3Hjdihydroiuranone 
unknown BNA organics (19) 

Cnnrentratinn d__.- _.... - .._. 

(rw4 

5.61 
.__ 
1w 

191’ 

1408 Sedm. 

1411 Sedm. 

0.20 

0.20 

1497 SedlTl. 0.402 

i466 Sedm. 0.60 

1405 Sedm. 0.80 

1484 Sedm. 1 .oo 

1410 Sedltl. 1 .oo 

1403 se&c. !.!5 

1462 Sedm. 1.35 

1401 Sedm. 1.552 

1460 Sedm. 1.75 

unknown BNA organics (20) 26’ 

bis(2-ethyfhexyf)phthalate 
di-n-octylphthalate 
2(3H)dihydrofuranone 
dioctylester hexanedioic acid 
,mlmnwn RN* nmlnlc~ ,,m -. .-. -. -. =-. -- \ -, 

(3H)dihydrofuranone 
unknown BNA organics (1) 

49.7 
4.3 
199 
170 
18’ 

63 
0.01’ 

^,^a a. . . z(mJolnydrofumnone .-_ 
IYU 

2-methyfpentane 26 

2(3H)dihydrofuranone 240 

2(3H)dihydrofuranone 170 

unknown BNA organics (20) 0.01’ 

200 

2(3H)dihydrofuranone 90 

(3H)dihydrofuranone 140 

4-methyf,4-hydroxy,Z-pentanon 71 
3-methyloctane 1.9 
1.1.2.2~tetrachloroethane 4.5 
tetrahydro,2-furanmethanol 1.6 
unknown BNA organics (16) 15’ 

* Total concentration of all unknown organics 
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Table 2-16 indicates the presence of chromium and mercury from 
dredge spoils in concentrations greater than background. Other metals 
were either undetected, or were detected in concentrations similar to 
background values. Table 2-17 identifies those organics found in 
concentrations greater than the detection limit. All of the listed 
compounds are possibiy attribuiabie to iaboratory artifacts (methyiene 
chloride), decontamination (acetone), or sampling containers 
(phthalates). None of the concentrations were at levels of concern. 
Other analyzed organics which were not detected included PCSs, 
nartir?irlgg, hghiririac nmann.nhnanhdnr 2nd carb&g:an I------.- _.~___( -.=~.- r..“.,P.,“.vv, . . . 
compounds. 

2.7 Phase II Activities 

The Phase II closure plan summarized the results of the Phase I sampling 
activities and outlined the next phase of sampling. Due to the transition from 
the COCA to the FFA/CO, the only portions that were implemented were the 
ground water monitoring and well drilling program and the plant and algae 
study. Tine driiiing program inciuded the recovery of two 500 foot continuous 
cores and the completion of two aquifer monitoring wells and seven shallow 
perched water wells. A total of 15 shallow borings were drilled, seven were 
converted into monitoring wells and eight were abandoned. Physical property 
&a+tprminc,,innc w-d ,.hcMni,.~l rmr.lwrir k.mra kasn .-.o.(rrrm..r( *- +Clr ---- -” . . . . . . . . ..-..-..- . ..a- “.I”.IIIYI11 Y”V’,“” llU”I YIClI ~~,,“la~ir” “II LIPS cvmr 
samples, 

& 

ground water samples have been collected and analyzed. 
Figure 1 hows the wells used in the NRF ground water monitoring 
pro am, ncluding the wells drilled in 1991. 

2.7.1 Ground Water Monitoring 

The NRF water supply has been monitored for several years. The 
United States Geological Survey (USGS) has monitored ground water 
ior physicai parameters (conductivity and pH), radioactivity, chromium, 
sodium, and chloride from 1960 to the present. The quality of water in 
all samples was within the Idaho State regulatory limits; there were no 
out-of-specification values noted. NRF has monitored the domestic 
\.,el+mr r.,r+am in cu.rr.rA~“r^ ..,:+I. -r:+L. 4 Pk^^r ..U.vI o,qLvanL II, auuuIuclllrQ vvlllI 8gt~~ I u~4aptei 8, Idaho Reryu~auu~~~ ^_.. #^*:^_^ 
for Public Drinking Water Systems, from 1987 through the present. 
Other data has been collected by subcontractor personnel. NRF has 
published the results of analysis of selected parameters in the annual 
Naval Reactors Facility Environmental Monitoring Report: Portions !rom 
the 1990 and 1991 reports which summarize the results of sampling for 
those parameters of specific concern are provided as Tables 2-18 and 
2-19. 

It is noted that the some of the analysis results from the 1991 sampling 
of wells NRF 6 and 7 exceed those from other locations. The cause of 
this variance is not known, and will be pursued as part of the RI/F.% 
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Table 2-15 Total Metal Results of COCA Phase I Dredge Pile Sampling 

Sample Sample Embankment Total Metal Concentration (ppm) 
# Location 

(mi.) Ag Zn Cr Hg Ni Pb Cu 

Method l t l * l * * 

MDL ** ** t* ** ** t* ** 

1451 0.05 West ND 
1452 0.25 west ND 
1457 0.25 West ND 
1453 0.35 West ND 
1454 0.55 West ND 
1455 0.70 West ND 

Back (Appendix VIII sample . 1463) 

109 23 ND 30 
120 25 ND 26 
100 17 ND 25 
431 380 14 49 
101 27 ND 28 
148 45 ND 31 

1458 0.85 West ND 
1459 0.95 West ND 
i464 ".YO ^ ^- . wesi . . ..- 

1460 1.10 West xi 
1461 1.25 West ND 
1462 1.50 West ND 

Front (Appendix VIII sample - 1442) 

102 27 ND 
317 27 22 
26i 243 2.i 
200 40 ND 
139 60 0.1 
141 30 ND 

1437 0.10 East 
1438 0.30 East 

1443 0.30 East 1439 0.45 East 
1440 0.60 East 
1441 0.75 East 

ND 
ND 

Ii: 
ND 
ND 

132 
296 
97 
94 
539 
287 

84 
150 
20 
72 
415 

Back (Appendix VIII sample - 1449) 

1444 0.05 East ND 196 352 
1445 ?.05 : East ND 132 56 
1450 1.05 East ND 160 77 
1446 1.20 East 

K 
109 30 

1447 1.30 East 696 541 
1446 1.50 East ND 196 167 

0.9 
ND 
ND 
1.1 

E 

13 
ND 
0.3 
0.5 
0.4 
ND 

12 
13 

1: 
14 
14 

20 
I7 
15 
47 
17 
20 

26 
35 -. 
3’: 
19 
30 

13 16 
15 34 
12 33 
22 32 
11 27 
14 22 

14 ND 43 
25 ND 40 
24 ND 17 
20 ND 30 
30 ND 29 
26 ND 34 

34 ND 45 
27 ND 22 
37 20 24 
30 ND 18 
43 27 37 
27 17 23 

ND - Not Detectable 
l Test methods not located 
** MDL not iocated 



CONSTITUENTS CONCENTRATION OF METALS (ppm) 

Metals Sample #: 1456 1463 1442 1449 
Sample Type: Cmps. Cmps. Cmps. Cmps. 
Locaiion: W. Froni ‘W. Sack -- t. wont t. Back 

Estimated 
Background 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin \,____1:._- YallauIuIII 
Zinc 

15,000 
ND 
6.7 
244 
NA 
NA 
5920 
34 
NA 
29 
17100 
19 
6310 
401 
NA 
NA 
35 
3700 
NA 
0.07 
152 
43 

2 
4i 
149 

9310 
ND 
5.3 
240 
ND 
ND 
25700 
106 
7.4 
24 
16200 
IS 
8720 
218 
0.2 
ND 
34 
1950 
ND 
ND 
283 
59 
ND 
ND 
Zi 
262 

10900 
ND 
9.4 
224 
ND 
ND 
20000 
3.6 
10 
24 
18209 
20 
a480 
313 
0.1 
ND 
35 
2160 
ND 
ND 
694 
ND 

i: 
3i 
185 

8800 10500 
ND ND 
7.2 11 
257 283 
ND ND 
ND ND 
1010 13200 
130 201 
5 10 
34 35 
16300 17400 
13 17 
6030 7670 
261 203 
0.7 0.5 
ND ND 
33 37 
1480 2040 
ND ND 
ND ND 
343 458 
38 39 
ND 
ND Ki 
3s 33 
236 327 

NOTE: A!! &!a nresen!ed In this tahla were nhtainad frnm the Phaacr II C!lnc~we Plan .--._ .._. - _-.- ..__ .._... . .._ ..___ _.___._ ._... 

ND = Not Detected 
NA = Data not available 
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Table 2-17 Appendix VIII Organic Results from Dredge Pile Sampling 

Sample 
No. 

Organic Constituent Concentration 
(wm) 

1456 (west - front) Methylene Chloride 0.030 
Acetone 0.059 
Di-n-butylphthalate 0.442 

1463 (west - back) Methylene Chloride 0.030 
Acetone 0.030 
Toluene 0.001 
n; I L..A,t..i.*l.rll+^ “I-l ‘-““Ly’p” 111 lalcl,Y 0.165 

1442 (east - front) Methylene Chloride 0.034 
Acetone 0.062 
bis(2-ethylhexyl)phthalate 0,467 

1449 (east - back) Methylene Chloride 0.042 
Acetone 0.059 
bis(2-ethylhexyl)phthalate 2.53 

2.7.2 Plant and Algae Sampling 

A L___ _____ _I__ *  __A _I__. _..._I~. L-- L..~. ---.~.I.*.-, -* _I. II. IF. n n-w year f.mtr~~ arw agae suoy nas oeen compereo ar me IVVV. 
Four plants (cattails, reeds, thistles, and algae) were sampled quarterly. 
Background samples were collected at Mud Lake. Although the data 
summary report has not been completed at this time, the data appears 
to show substantial metal rrntnkn in the alnna in the IWtl _--_.- -. .._. -. -r .-..- . ..- -. =-- . ..- ..-. The 
completed report will be included in the RI/FS report. 

2.6 1991 Hydrogeologic investigation 

The Hydrogeologic Investigation was performed by Chen-Northern, Inc. The 
objectives of the investigation were to collect additional information on 
subsurface lithologies, aquifer characteristics, ground water occurrence, and 
water quality in an area down gradient of the IWD. The data collected during .a~ * rms project has noi been compieteiy evaiuated and vaiidaied. A summary 
report has been issued. Summaries of the work completed and data collected 
are presented; evaluations and interpretations of the data will be presented in 
the final RI/FS report. 



Table 2-18 Comparison of Results of Analysis of Selected Ions and Nutriients in NRF Ground Water - 1990 - r r -l---F - 
UP GRADIENT ON SITE 

(USGS WELLS 12,15&17) (NRF WELLS W.3.54) 

RANGE I- RANljEI 

DOWN GRA 
(USGS 97,95,99;, 

RANGE 

PAGAMETER 
UNITS 

STAhIDARD/ 
GUIGEUNE 

DII 
02 

I. 

ENT 
I, INEL-1) 

MEAN 

co.2 TO 0.5 I <0.3(a) co.2 TO 0.5 I <0.3(a) co.2 TO 1.2 
- 

0.03 TO 0.35 
- 

13TO140 

<0.3(a) 

o.rl+a.lr 

43238 

0.cns~0.00 

<O.O, TO 0.03 <0.02(a) 0.05 TO 0.03 I 0.07~O.Ol 

4.3 TO 35 18+x3 30 TO 5c :18+6 

----I-- 
0.002 TO 0.014 0.0,+.DJ2 0.032 TO O.CU~(I) O.@Xto.G, 0.W TO 0.019 

~0.1 TO 0.6 
I 

<0.2(a) ~0.1 TO 0.6 
I 

<0.2(a) ~0.1 TO 0.5 <0.2(a) 
I- 

r:O.Ol TO 0.34(b) <wx2(a) ~0.010 TO 0.15(c) <0.055(a) co.01 TO 1.9 <0.274(a) 

am(a) .:O.Wl TO 0.002 <0.001(aj <O.Wl T’O 0.003 <O,Ml (a) ~0031 TO O.M8 

cO.OY31 TO O.oM,, I <0.cca(i,) <O.CKOl I <O.iml(a) <O.omI <o.cm1 (a) 

<O.Wl TO O.W3(b) co.mr(al <O.W, iiD 0.003 co~~w2(a) 

-+ 
<O.O, 401(a) 

<0.0X TO 0.m <0.002(a) 

c0.01@) 

2.421.7 

<O.Ol TO 0.02 <0.01(a) co.01 
- 

0 3 TO 5~5 0.3 TO 1.8 t.oto.7 1.5 TO 2.1 t .JLO.2 



PARAMETER 
UNlTS 

STANDARD/ 
GUIDEUNE 

II ORGANICCARSON, TOTAL I mg/t I (9) ~0.1 TO 0.7@) I <0.2(a) 

II ORTHOPHOSPHATE (AS P) ~0.01 TO 0.02 ~0.0, TO 0.02 

II PH 1 pH Units 1 (j.s.5(f) 

II SILVER 

II SPECIFIC CONDUCTANCE 

~/SULFATE I mg/l ] 2~00 

(9) 
(4 

tgT0 160 40227 15TO35 1 25.2’7 

Mean values preoedod by < COntainI at least one leaps than minimulm detection lewl value in the rwalysis rwults. 
The f’Dllowin9 param~ster values are ~anomalously hiSh for USGS Wolf 13 in the a/6/90 sample: Clhromium 21 rg/l; Inn . 4600 &I; Mangane!r lM) &I; Nickel - 15 
&I; Organic Carbon, Total 1.5&f/l; Turbidity . 22 NTU. These v?tu~s am not included in the MAX and MEAN values fcr the u~p gradient wll:~. 
Anomalously high value of 1400 &I reported for NRF Well 4 in thu 6/19/W sample. This value is not included iin the MAX or MEAN values for the on-site wells. 
The limit is lor Nitratu (k N) only. t%nce nitrite values am near M below MOL ttwa quantities r~,pmswd Nitrate (As N). 
Maximum contaminant levels per Title 1, Chapter 8, Idaho Regulations fcr Public Grinking Water Sytems. 
Secondaty maximum contaminant lw~ls per Title 1. Chapter 8, fdahc Regulations for Public Drinking Water Systasmo aa provided for mmparisnn. 
No st,andard or guidolins available. 
No maximum per Title 1. Chapter 8. ldahc Regulati,mr for Public Clinking Water Systems. 29 mg/t is suggested as optimum. 

UP GRADIENT 
(USGS WELLS 12,15&17) 

RANGE --l-%-J: 

7.3 TO8.2 1 7.9+0.2 

5.6 TO IS 

-I--- 

,024 
- 

291 TO 600 425_fK30 

--I- 
- 

DOWN GRADIENT 
(USGS 97,95,!59,102, INEL-I) 

0.1 TO 1.0 0.420.2 

<O.Ol TO 0.0:2 <0.01(a) 

7.4 TOE.2 7.9~0.1 

ON SITE 
(NRF WEUS l&,3&4) 



Table 2-19 Comparison of Results of Analysis of Selected Ions and Nutrients in NRF Ground Water - 19!31 

PARAMETER 

BROMIDE 

CHLORIDE 

CHROMIUM 

I I m9/1 4.0(e) 

IRON 

LEA0 

MERCURY 

NICKEL 

UP GRADIENT 
(USGS WELLS 12156kl~ 

MEAN (4 RANGE ! 
< 0.20 

t0 < 0.20 

0.20 - 
0.02 

to 0.05 * 0.02 
0.08 

~~ 

- 

7.1 
to 15 * III 
36 - 

.c o.wt 
to -z o.wr( 

O.wB - 

0.1 
t0 0.2 * 0.1 

0.3 - 

< 0.01 
t0 < 0.1’1 

0.2, 

< 0.001 
t0 < 0.001 

0.002 - 

c O.owl 
to < o.cm1 

O.ooO1 

< O.Ml 
t0 < 0.001 

om2 

= - 

SYSTEM 
MONITORINIG 

(NRF WELLS S&7) 
- 

RANGE MEAN (a) 

(91 (9) 

- 

0.02 
‘IO 0.05 * 0.04 

0.09 - 

a.1 
Ito 110 * 1m 

220 - 

00X 
I!0 0.021 * 0.014 

0.036 - 

Cl.2 
IO 0.2 * 0.1 

0.3 - 

0.12 
, 0 0.33 r 0.24 

0.6, - 

c Ol.W1 < 0.001 

- 

< O.wol < o.ow1 

- 

OSM5 
10 0.01, L 0.00, 

0.021 
= - 

ON ‘3TE 
(NRF WELLS 1,2,3&4) 

RANGE MEAN (e) 
t 

-z 0.20 
to < 0.32 

0.W 

0.06 
to 0.07 * 0.01 

0.08 

3.1 
t0 41 f 7.2 
54 

O.OW 
t0 0.010 * 0.002 

0.014 

0.1 
to 0.2 * 0.0 

0.2 

< 0.01 
t0 < 0.13 

0.4, 

.: O.Wl 
10 < o.w2 

O.CO4 

: OSQJI 
to < 0.lx41 

0.wo1 

.: O.Wl 
to c 0.002 

0.006 

DOWN GRADIENT 
(USGS 97,93,99,,02, INEL-1) 

i 

RANGE 
- 

< 0.a 
10 

0.50 

MEAN (a) 

c 0.23 

0.11 * 0.11 

i 

41 * 33 

0.04 
to 

0.33 

14 
to 
110 

O.W5 
to 

0.02 

< 0.1 
to 
0.2 

0.03 
t0 

2.1 

c 0.001 
IO 

O.M6 

< o.ooo1 

< 0.m 
t0 

0.003 
- 

o.cm * 0.033 

< 0.2 * 0.0 

0.24 * 0.49 

$ 

c o.oJ2 

c o.cm1 

c 0.002 

zf# 
au 
“S 
N3 
&Tit 

G 
if3 



Table 2-19 Comparison cd Results of Analysis of Selected Ions and Nutrients in NRF Ground Water - 19!31 (Cont’d). 

PARAMETER 
UNITS STANDARCl/ 

GUIDELINIE 

NITRITE AS INITROGEN rr= 

NITRITE PLUIS 
NITRATE (A:; N) 

NITROGEN, AMMOMA 
DISSOLVED 

ORGANIC CARSON 

ORTHOPHOl%+iATE (AS P) 

PH 

SILVER 

SODIUM 

SPECIFIC CONDUCTANCE 

UP GRADIENT 
(USGS WELLS 1+158,17) 

-I- 

< 0.01 
IO c 0.0’1 

0.02 
- 

0.31 
to 0.93 * ON.67 
1.8 

2 

- 

< 0.01 
10 < 0.01, 
1.0 - 

0.1 
to 0.3 * 0.1 

0.6 - 
< 0.01 

10 c 0.01 
0.03 - 7.8 lo I 6.0 * 0.2 

AL+- 
< O.Wl 

I 
< o.cm 

6.6 
to 9.7 * 4,,1 

--I--- 

17.0 - 

286 
&I 4,2*1:, 

SYSTEM 
MONITORING 

(NRF WELLS ti87) 
--- 

< 0.01 < 0.01 

- 

0.38 
10 0.94 * 0.66 
1.6 - 

< 0.01 
10 < 0.01 

0.02 - 

0.4 
t,o 0.9 f0.3 
1.2 - 

O.Dl 
*ia 0.03 * 0.02 

0.136 - 

7,,9 
IO a.2 * 0.4 
8.8 - 

< 0.~001 < 0.001 

- 

8.9 
to 49 * 46 
913 - 

-I-- 242 

ON SITE 
(NRF WELLS 1.2,3&4) 

-- 

=-L= 
< 0.01 

--I- 

to < 0.01 
< 0.01 

1.6 
to 1.8 * 0.11 

2.0 

< 0.01 
10 so.01 

0.0‘ 

0.3 
to 0.6 * 0.4 
1.8 

-c 0.01 
to < 0.02 

0.03 

7.9 
to 6.0 * 0.1 
8.2 

<: 0.00, 
to < o.cm 

<: O.M, 

9.3 
to 14 * 3.3 
20 

559 
$0 592 * 28 

645 
= 

DOWN GRADIENT 
(USGS ! 

RANGE 
- 

< 0.01 
to 

< 0.02 

1.10 
to 

5.20 

< 0.01 
IO 

0.50 

0.1 
to 
0.9 

< 0.01 
to 

0.02 

7.9 
to 

8.1 

< 0.c 31 

7.6 
to 
19 

395 
to 

796 
- 

< 0.01 

m 

2.33 * 1.52 

< 0.21 

0.4 * 0.2 

< 0.01 

8.0 * 0.0 

c 0.001 

12 * 3.1 

-= 

8,39,102. INEL-I) 

MEAN (a) 



Table 2.19 Comparison of Results of Analysis of Selected Ions and Nutrients in NIRF Ground Water - 1991 (Cont’d) 
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The tasks completed during the hydrogeologic investigation consisted of ?he fo!!owing: 

Drilling two core borings to a total depth of 500 feet 

Installing two aquifer monitoring wells and performing aquifer tests in each well 

Installing one aquifer piezometer well 

Drilling fifteen piezometer borings and installing seven piezometer wells 

Performing organic and inorganic analyses on basalt and sediment cutting 
samples 

plwew,li”n ,-,rnzb”iP s,nrl inor”““iP cl”ll\,COC P.” “mmd y;ate: samp!e-, -..-.......= -.J”...’ . . ..- J..’ .,” . . ‘..., -“Y “I I y, ““I I 

Performing mineral identification analyses and other physical parameter testing 
on core samples 

Performing hydraulic conductivity tests on core samples 

Collecting geophysical logs in bore holes. 

2.&i Core Borings 

Figure 2-22 shows locations of the bore holes and wells drilled as a result of this 
investigation. NRF-6P and NRFJP were bored toapproximately 500 feet. NRF- 
7? was aband,,,,, uy ~~~~~~~y rslrlm 61 IlllnlUIT u1 cTIIIvII~ 5131~ vq8irunite giSi.it. 7x3 ..",.A k., (illi"" I ,w. I ...i"+,,w. a‘ ^......^"‘ . . ..A L.--a- 

NRF-GP hole was completed as a piezometer well using one inch schedule 80 
PVC with 5 feet of .OlO factory slot screen installed from 484 to 489 feet. The 
cross section was constructed from the borings of the holes drilled as part of 
this investigation together with previously completed borings. 

2.8.2 Monitoring Wells 

The two monitoring wells were installed as recommended by the 1987/88 Phase 
i closure Plan Sample Collection report to support the Phase II Ground Water 
Monitoring Plan. The location of these wells was established based on existing 
data with input and concurrence from IDHW and EPA. These wells were 
completed to a depth of approximately 417 feet, which is approximately 50 feet 
beb~ the top of the Srnake Rive; Plain Aquiiei. 

Locations of wells NRFB and NRF-7 are shown in Figure 2-22. Figures 2-22 and 
2-23 show the well completion construction information for NRFB and NRF-7. 
Well NRF-6 was completed to a depth of 417 feet. One pert, .__ hew-i water zone was 
encountered during the drilling of this well at about 8.5 feet below the surface. 
Another possible perched water zone was encountered at about 115 feet. The 
hole was grouted to seal off the perched water and then completed to the final 
depth of 417 feet. NRF-7 was drilled and completed to a depth of 417 feet and 
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no perched water was identified. The aquifer is located a! approximate!y 364 
feet in both wells. 

2.8.3 Piezometer Borings 

Fifteen shallow piezometer borings were drilled at depths varying from 96 to 
115.5 feet. The purpose of these borings was to better define and understand 
the perched water system found near the IWD. Seven of these borings were 
completed as piezometer wells and eight were plugged and abandoned. The _,_._ _I . .._.I_ -,.-~.~I- ~, .~ lOCatiOi;S of both the co~mp~a~~ werrs and aoanooneo oorehoies are shown in 
Figure 2-22. NRF is currently using in-hole data-loggers to collect data on the 
water level changes in the holes. This data will be provided in the final RI/FS 
Report. 

2.8.4 Analysis of Sediment and Basalt Cuttings 

During the drilling of monitor wells and piezometer wells, samples of the drill 
cuttings were collected and analyzed. Samples of the fluids used in drilling were 
also analyzed. Analyses performed included volatiles, semivolatiles, and metals. 
The volatiles and semivolatiles included the EPA target anafyte list and a library 
search for unknown compounds. There were two samples analyzed for 
organic% one each from wells NRF-6 and 7. Several samples were analyzed for 
Totai fvfetais inciuding iead, chromium, siiver, mercury, and nickel. Six samples 
were analyzed for an additional 8 metals. Tables 2-20, 2-21, and 2-22 
summarize the data from these analyses. Table 2-20 includes those organic 
analytes detected that were not detected in the drilling fluids. Table 2-20 shows 
the mean cQncent&on, the &h=et LlnA Inum@* An’n--+~ 3. .--. “8 .” .“..““. ,.“.“” U” *va!ues for each 
inorganic analyte, the standard deviation and the number samples in the 
calculation. The samples where no analytes were detected were not included in 
the calculations. 

2.85 Ground Water Analysis 

Two ground water samples were collected from the perched water zones 
encountered during the drilling of NRFB. These samples were analyzed for 
major ions, nutrients, metais, VOCs and SVOCs. Only one organic compound, 
hexanol, was found (6 /19/l). This was in the sample taken from the 85 foot 
perched water zone. A duplicate and samples from piezometer wells PSl and 
PS5 were also analyzed for metals and major ions. The results of these samples 
are c, ‘m”“r”“A in T~hl.-. 0 -7.2 A”,., ,L^ _,.^,,k^ at--a . ..-_- _:__:z__-.b.. -L -..- ..- “I” ““IIIIIIU 1LU” III loY,r L-&U. “‘“y ,,I0 IViJ”1IJ LIIc4.L WcilG slylllllwlluy auove up 
gradient wells (USGS 12, 15 and 17) are listed in the table. 
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Figure 2-24 NRF-7 Well Completion Diagram 
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Units are in mg/kg 
*.,.,\,-Fr i\ii-qF-i Qi ..-- _ nNnLT I e Ntit-6 Qi Metnod 

379’~384 86-86 

2-Hexanone ,035 ,014 ND .OlO CLP 
m:^,” ^a...,l. ̂ .,.I I\ ..t..L.^#^1^ car,.%-wu ‘y” ‘“*yt, ).a 111 va,a,r? 5.7 ,450 i5.2 340 CiP 

Di-n-octyl phthalate ND .450 2.3 .340 CLP 

Propanal ,016 * ND l CLP 

Pentanal .011 * ND l CLP 

Furan,2,5dimethyl 1 .a * 1.3 * CLP 

2-penten-2-one, 4-methyl ND * .42 l CLP 

2-pentanone, 4hydroxy4-met ND * 6.6 * CLP 

Hexanedioic acid, Dioctyl Es ND * 56 * CLP 

* No quantitation limit, Tentatively Identified Compound, values are estimated. 

Method is from the Library search done as part of CLP method of analysis for organics. The 
values for the metals are typical for Snake River Plain Basalts. There were no significant elevated 
levels of silver or mercury. Silver was detected in 6 of 91 samples with the highest level at 10 
ppm and the lowest detected at 8 ppm. Mercury was not detected in any of the samples. The 
other analytes are tabulated below for NRF-7 and NRF-6 in Tables 2-21 and 2-22. 

Table 2-21 Summary of Metals in Drill Cuttings (NRF-7) 

Analyte Mean 

50 

5.05 

97.47 

NRF-7 
Units are in mg/kg 

S” Hi Low Detection No. of 
Limit Samples 

17.55 102 20 1.0 38 

3.70 17 .9 1.0 43 

40.6 170 16 4.0 42 
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Table 2-22 Summary of Metals in Drill Cuttings (NRFB) 

Analyte Mean 

40.66 

2.99 

102.95 

NRF-6 
Units are in mg/kg 

SX Hi Low 

15.31 86 20 

1.55 7.5 .8 

36.2 225 57 

Detection No. of 
Limit Samples 

1 .o 44 

1 .o 40 

4.0 44 

Table 2-23 Summary of Metals and Major Ions in Perched Water Samples 

II 

SUMMARY OF METALS AND MAJOR IONS IN PERCHED WATER SAMPLES 
Units are in mg/l 

ANALYTE NRF-6 NRF-6 NRF-6 NRF-GPS-1 NRF-GPS-5 Methods 
@a!? GM,” C’ C’ V.” 31 jo.5’ dup Used 

Chloride 324 454 453 352 425 EPA 600 

Sulfate 257 299 301 292 264 EPA 600 
II 

’ ’ Calcium 116 162 162 140 167 EPA 600 

Magnesium 38 30 30 36 46 EPA 600 

Sodium 206 246 243 236 244 EPA 600 

2.8.6 Mineral Identification Analyses 

Two types of mineral identification analyses were performed on samples 
from NRF-6P and NRF.7P. Thin section analysis was completed on a 
total of 51 samples from both well borings. The basalts in NRF-6P and 
NRF-7P were generally classifted as transitional olivine to alkaline olivine 
basaits. Minerals Preaerk rn tnrn section anaiysis inciuded a magnesium 
olivine, clinopyroxene (titaniferous augite), calcic plagioclase, spine1 
group minerals (possibly chromium spinel), and opaque minerals 
(generally ilmenite and/or magnetite). In addition, thin sections contain a 
microcn/stal!ine matrix and g!ass. Fi\/p_ if-$&& sap,nlnc snarl =n~lwxYi r.ll ..-.- “.*“,,A”” 
in thin section. The sediments could all be generally classified as tithic 
wackes. The term lithic wacke was used by Chen Northern to describe 
specimens of sandstone with high clay content and the high presence of 
rock fragments other than quartz and chert. 
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X-ray diffraction was performed on 11 samples, generally on sediment 
interbeds and fine grained clay and clayey silt infilling fractures in the 
basalt. Results indicate that montmorillonite is the dominant clay, while 
illite forms the secondary clay type. 

2.8.7 Hydraulic Conductivity Tests 

Ten samples each were taken from NRF-GP and NRFIP from varying 
*m+kr rnrl +ar+cd hr kw+m die rnnA wtiwihr “ya’I9 c&I I” LII1.W” I”, , ,,“‘““,.” “-. .--“..-.., Test results indicate that the 
vertical hydraulic conductivity of intact basalt core samples from the two 
borings range from 1O-5 to lo”’ cm/set. .Horizontal hydraulic 
conductivity values of intact basalt from the two borings range from lo-& 
to 10” cm/set. Horizontal hydraulic conductivity values were typically 
higher than vertical values. 

2.8.8 Geophysical Logs 

The U. S. Geological Survey (USGS) performed down hoie geophysicai 
and video logging of the monitoring wells and piezometer borings drilled 
during this investigation. Due to equipment availability, the types of logs 
obtained for each hole varied. The minimum log types obtained for the 
L-1__ !--#_._1__1 __:_I-- ^_I:-^- -1 I^&.*^I I^...-e I,.“%. ,,“,ciS IIlci,““ci” YI”ci”, CP,,fJTI( an” ,,e,u16I, y”‘“““a ,vys?. Mkar Inn= ,ka, “.,I”. ‘“J” ..I... 
were obtained from some bore holes include deviation, neutron, dual 
density, SP, and gamma-gamma. 
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3.0 INITIAL EVALUATION 

3.1 Description of Operable Unit 

The NRF effluent discharge system is a complex network of interior uncovered 
channels and &r&j ninelinca nnnmvimntd~~ C&l MXl fan+ ld C; milnc\ hnn Inr*+a4 r.r -....-- ~rr.-I.....-.-., - ,,--_ a”“. \~T.” .‘“.“Y, ‘““y l”YULI” 
within the facility, and a 3.2 mile uncovered exterior channel located in the 
northwest corner of the facility and extending in a northeasterly direction. It is 
this uncovered, exterior portion of the system which is the subject of this work 
plan. As previously stated, IWD shall mean only the exterior portion of the 
effluent discharge system; that is, the 3.2 miles located outside the NRF 
Security fence. The IWD is located in an abandoned meandsr channel 
associated with historical flow in the Big Lost River drainage, but is now isolated 
by canals and roads. The IWD has been used since 1953 for liquid waste 
disposai and has evoived inio a significant ecoiogicai feature. The IWD 
currently is used by a variety of fauna and supports the growth of various floral 
species (See Appendix F). The IWD normally has water flowing in the first 1.2 
to 1.8 miles. Beyond the initial 1.8 miles the IWD is usually dry, except during 
nh,-.r+ inf.a”,,nn+ nn,inAe n‘ k.-,c,<“, PI I” ,.w “IIVI., ““‘Y.f”“I. fdV”“Y’ “I “‘ca”y IUII-VII. 

The interior discharge system located within the facility includes multiple 
uncovered channels and buried pipelines that are routed toward the northwest 
corner of NRF. These channels and pipelines were designed to dispose of a 
particular waste water stream to the IWD. All of the waste water streams are 
connected to a four foot diameter culvert that drains to the IWD. Due to the 
considerable differences between the exterior channel and the interior network, 
these two portions of the efffuent discharge system have been separated for the 
purposes of this investigation. The risk associated with the interior single waste 
disposal portions of the discharge system is significantly different from the 
combined IWD discharge due to differences in hydraulic loading and the fact 
that each part of the interior system handled different processes. Only the 
avtsrin. rkrno.rl ,.,ill L... rr.arr^A i.. +*ir PI ICP :..I--:^- ^^A. ..^_ I_ ..A,, L- “,..I, I”. “I 1-1 II ,r, ..a11 YW “““.a T” II I ,I ,,.a “,, ,~ U. The II llci,,“, , ,c-LW”In Will “ti 
investigated under a Track 2 study. This approach will allow for the evaluation 
of the interior network in a streamlined manner and not divert resources away 
from the exterior channel remediation activities. 

The IWD has two distinct sections: from zero to 1.8 miles, where water has 
historically been seen; and from 1.8 miles to 3.2 miles, where water has not 
been historically observed. Existing data indicates that some contaminants 
(notably chromium) may be present beyond 1.8 miles. The first 1.8 miles of the 
IWD represents the worst case scenario for calculating the risk associated with 
the IWD. 

The NRF sewage lagoons are located near the IWD. Although the sewage 
I ---- -- ___ -_ 1 I__:-- ----?.I.~..., .~ ~.~ ~.. , rayuurrs are rrul uerny consroereo as a porenrrar contaminani source in ihis 
RI/FS, the hydrologic impact of the sewage lagoons will be considered in 
determining the aquifer and perched water recharge. The perched water tables 
and the Snake River Plain Aquifer are potential receptors, and are not evaluated 
as pan of the Onerahln Unitl The recharna frnm ihe sewzp !pnnnc ic -r-~--‘- a- “-“’ =-“. .- .., 
estimated to be an order of magnitude less than the recharge from the IWD. 
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The sewage lagoons will be addressed as a separate potential contaminant 
source in a separaie Opera&? unii. Tine combined effect of all operable units 
including the IWD and sewage lagoons will be addressed in the NRF 
Comprehensive RI/FS. For investigation purposes, the operable unit is defined 
as the IWD sediments and dredge piles, and their potential secondary sources 
s,n,i zsrcnriz.tarl ncz,tkwcw~ IC rlkr, ,e.cmr( in car+inn 1 n 0 *..A illl *..+r-+..,-A L.., C:^. .-- ..a .I 1”“..“~...“- pU.0 ‘WY,” u.7 “lll”Y.z”“Y II I VI”M”I I V.7.L cl1 I” IIIuaLIcllr” uy I ,yu,v 
3-1. 

3.2 Remedial Action Alternative Evaluation 

The process of evaluating and selecting a remedial action is an iterative 
process. Initially, Preliminary Remedial Action Objectives (PRAO) and 
preliminary remedial action alternatives are identified. The PRAOs are risk 
based clean up criteria for the identified contaminants of concern derived from --. .--. ~.~ exlsrlng daia ana wA gUidanCe (tvA 199iaj. By identifying PRAYS early in the 
process, a focus is provided for subsequent data gathering. The PRAOs 
identified in the scoping effort are presented in Table 3-1. 

Th.a r.%.,.nrl r+an in rsk.r+inrr ,, *nmnA:rl rr+:-.. i* 6. .--.~-R.*^I^ a.^ aann,. .^ I I I” .aIY”I I” uw)J II I u~lr”IIt 4y ,51 l w # IT”1611 o.bU”I 4 IJ L” I lxJ”al”alr; ,I Ici r rl,-3”3 ,” 
define more specific remedial action objectives. This effort requires detailed 
knowledge of site conditions, contaminants of concern, affected media, 
available technologies, and potential future site uses. At this time, the IWD 
remains insufficiently characterized with respect to both the nature and extent of 
contamination; consequently, formulation of detailed objectives is presently 
impractical. Objectives will be developed based on the results of the RI, 
Baseline Risk Assessment, and evaluation of ARARs. Table 3-i also lists 
regulated contaminant levels in water. These values are included for 
comparison purposes and represent potential chemical specific ARARs that may 
affect final remedial action objectives. 

Four preliminary remedial action alternatives have been identified through the 
..-^-:..,. ^&L-L I^- ,I.:.. 0, ICP mu.-- -rl-^A:^l ^^*:^- ..I. ̂ --- 1: ..-- --.. -I-- L- aL.“ply =I,“,, I”, LIllJ “‘,‘.a VLIllil Ierllleutal *Lu”II alwlllCIII”t33 lllay a1sv “V 
identified during the RI/FS process. All remedial alternatives will be evaluated 
during the feasibility study, and the most appropriate alternative will be selected 
for future remedial actions. The four remedial action alternatives identified are 
discussed below. 

No Action 

The no action option requires no remedial actions at the IWD. 
Maintenance work and improvements, such as dredging when plant 
material causes major obstructions in the IWD channel may be 
conducted to improve IWD operations. In addition, although not part of 
any specific remedial action, NRF plans to build an effluent control ---!.-.I-- ..-ll-~- .~..I . . ~~~ ~..I .,~ I..,_ ~I~ mon~ror~ng s1a110n ano 10 moo~ry me lvvu cnannei io provide a means io 
control spills and minimize any future potential release of regulated 
wastes from NRF. 



Table 3-l Preliminary Remedial Action Objectives (PRAO) 

- 
MDIL REGULATED 

LEVELS(b) IA0 (a) 

ANALYTE OF CONCERN METHOD WATER SOIL WATER SOIL 
U9/L w/kg U9/L 

I- 
w/kg 

Chromium (ill) 218.2-M 20. 1. 100 (4 

Chromium (VI) 216.2-M ! 20. I. IM) (4 

Lead 239.2-M 50. 0.5 6) WA 

Mercury 245.1-M 5. 0.25 2 (4 

Silver 2@J.7-M IO. 0.5 50 t3m 

Barium 2007-M IO. 0.5 ical 20,wO 

Copper 2007-M IO. 0.5 11~1 20,wo 

Nickel 2CO7-M 40. 2. WJI 5Lwa 

Zinc 2007-M 10. 0.5 CC) 50,oal 

TOlUe”E 624-M 5. I. 1090 50,ocHl 

ACetO”0 624-M 50. 10. (4 3wxQ 

Di-N-butyl-phthalate 624M 100. 1. (4 30,coo 

bis(2ethyfhexyi)phthalate 625-M 10. 1. I41 (50) 
500 

2(3H)dihydrc+furanone 625-M WA WA (c) CC) -- 
diH-octy-phthalate 625-M 10. I. 
- (4 5ooo 

(4 PRAO’s are risk based concentrations from the EPA Region IO Supple~mental Risk Assessment Guidance for Sulperfund. Valws in brackets fJ are 
b,ased on HO= 1, other vafue~r are based on risk of IO’. 

lb) Regulated IeveLs are MCLs from the referenced EPA Region 10 guidance. Values in brackets are ft4CLGs or proposed MCLs. These values are for 22’rs 
comparison purposes and represent potential chemical specific ARARs. %Z$O 
V,alues not provided in referenced guidance document 03 TJZ 
I!390 and 1991 SRPA data for on-site wells only. Chromium values are total chromium. 

%rfJ 
ci-‘; 

N/A = Not available 
ND = Not detected 
-M = Modified ~methods specified in CLP SOW 
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Sediment Removal 

This remedial alternative involves complete removal of all material at the 
tWD which contains hazardous constituents above background levels. 
Two options exist for removal: shipment of removed sediment to an off 
site treatment, storage, and disposai iaciiiiy; or treatmeni ai ine IWD and 
then replacing the material in the IWD. 

In situ Treatment 

In situ treatment may involve soil washing or solidification in place to treat 
contaminants of concern. 

Cap and Leave In Place wlth Ground Water Monitoring 

Capping and leaving the sediments in place with ground water monitoring 
involves treating the IWD as a landfill and then providing another source 
for discharge of industrial waste water from NRF. 

During the RI/FS process, all remedial action alternatives identified will be 
screened. As more data is obtained, the remedial action objectives are 
revised as necessary. Also during the RI/FS process, treatment 

-1-A z-- ---l:^^Lil:... -..-I : -..I--,. “+.,L.i,x., ii3chnoiOgies We W&ialuu Iv1 appbavw~y 0.1 IU II I 1pv4 I wa ucswu~y. Fina!Sj, 
the best potential remedial action alternatives are evaluated against the 
remedial action objectives and the EPA remedial action evaluation 
criteria: 

Overall Protection of Human Health and the Environment 

Compliance with ARARs 

Long-term Effectiveness and Permanence 

Reductions in Toxicity, Mobility, and Volume Through Treatment 

Implementability 

C-OS? 

State Acceptance 

Community Acceptance 
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3.3 Preliminary identification of ARARS 

ARARs are restrictions or regulations that must be satisfied titi. ;ng site 
remediation. ARARs play an important role in determining which remedial 
alternatives may be applied to a site. Early identification of ARARs is important 
for the RI scoping process because specific data are often needed to design or 
select remedial alternatives. The RI/FS process is of an iterative nature; 
therefore, ARAR identification and screening continues throughout the process 
as a better understanding of site conditions, site contaminants, and remedial 
action alternatives is gained. A detailed discussion and preliminary identification ~ ̂ ^.^ or nnnnS is provided in Appendix G. 

3.4 Risk Assessment 

3,4.? !n?rodudlon 

NRF will perform a baseline Risk Assessment in accordance with the 
guidance provided in the EPA’s Human Health Evaluation Manual 
(HHEM) (EPA, 198Sa) and supplemental guidance prepared specifically 
for EPA Region X (EPA, 1991a). Any revised guidance prepared for EPA 
Region X will be considered as it is issued. This section focuses on 
discussions related to implementation of the guidance for the NRF IWD. 
The emphasis is on the pathways and scenarios that specifically apply to 
tnis system. The strategy for the risk assessments will be to first conduct 
the calculations in accordance with EPA recommended approaches. 
Then, based on improved understanding of the system, supplemental 
calculations may be conducted using alternative inputs or methods 
A amnrl ,..-*,, F...rwe...*i?.+ VerlI Iru , , IuI = appl vr, la,e foi site-speeifle eoiiditions. 

The assessment of risk is a two part process; the assessment of 
exposure, and the assessment of toxicity of the chemicals of concern. 
These two aspects are combined to develop the risk characterization ?or 
each of the potential exposure scenarios. A Conceptual Site Model 
(CSM) has been developed and is discussed below. The CSM identifies 
the primary and secondary sources, the exposure pathways, the 
receptors, and the exposure scenarios that will be addressed in the 
Baseline Risk Assessment which will be included in the RI report. 

The CSM identifies both human and ecological receptors. The risk to 
human receptors will be quantitatively evaluated in the baseline risk 
X.SeSSiTiWii. Ecotogicai receptors w/Ii be quaiiiaiiveiy addressed in ihe 
RI/FS report for this OU. Additional ecological assessments will be 
performed during the NRF comprehensive RI/FS and the INEL 
comprehensive RI/FS (WAG-lo). 
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3.4.2 Conceptual Site Model (CSM) 

Based on existing information, a CSM of the IWO has been developed. 
This site model includes sources, pathways, and receptors of 
contaminants found in the IWD. This model, shown in Figure 3-1, will be 
used tn develnn a Ear;elinn Risk .Assessm& and !IJ h& focus the R!/FS ____ ._ --.-.-r -_ --- _...._ 
activities. As discussed in Section 2, the IWD has been in existence 
since about 1953. It has received non-radioactive industrial waste waters 
generated by operation of facilities at the NRF. The following paragraphs 
summarize the information that is known about the contaminants of the 
IWD. 

3.4.2.1 Sources 

The primary source of coniaminanis in tine lWD are the 
sediments in the IWD and dredge piles on the banks. 
Historically, discharges of rain and snow runoff, industrial 
waste water, cooling systems water, ion exchange 
ronmmrmtinn ~nh ltinnf nnr-i line h-k frnm xwin~ of nnnr2+innc .-=-..-. _..“.. “_.“..” .._, _..” ..~ -.-- .,-.,. .-,._ “_ -r _.-..-..- 
were discharged to the IWD. The disposal of dilute 
solutions of waste containing heavy metals was 
discontinued in 1960. The potential contaminants that have 
been identifled based on historical operations are heavy 
metals and organics. These contaminants were released to : 
the ditch through spills or by regular discharges to the IWD 
as part of routine operations. The volume of waste 
discharged to the IWO is discussed in Section 2.3 and is not 
repeated in ihis seciion. 

The contaminants are released to secondary sources 
through dissolution and flooding, leaching into sediments, 
smr( n,arrnll+inn rlnu,nw~rr( tn tkn kcacdt in+fd-.arlc nnrl “.,” P”*.,-%...“.’ ““..,...“,- .- .,q” ““.,...., I.,.“I”““w, “,... 
perched water zones. The secondary sources are the flood 
deposits, sediment infllling, interbeds, basalt, and perched 
water. These secondary sources may release the 
contaminants through air, wind, and water pathways as well 
as through the ecological food chain pathway. 
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3.4.2.2 Pathways 

The pathways associated with the IWD for contaminant 
transport to potential receptors are: direct contact with the 
ditch sediments or the dredge piles, ground water or air; 
+b%m. mk ,ka ‘nnrl rk?A.. San.4 k*r “I ,rlrrr ..,e+rr *. II “Yy’ I .I I” 8”“” “I 1w11 I , aor” YJ .a”IIo.“.a ..a,TI. 
Contaminants released to the IWD either remained in 
solution, were deposited in the IWD sediments and taken up 
by the algae, reeds, and vegetation growing in the ditch, 
percolated into the ground water! or were absorbed by the 
soil. 

Contaminants that remain in the surface water in solution, in 
sediments, or in dredge piles would be available for direct 
contact to ecological and human receptors. Some 
contaminants could percolate downward to the ground 
water where they could be dispersed to receptors. The 
contaminants in the sediments could be released if the ditch 
sL:^A ..^ ^_ . ..L^- IL- --A:---&- --- _1___1___1 ___I LL_ “IlFi” “+I “I vvfl~ll Lila ~fi”lllltilllS NCI urwuyeu a,,” LIIci 
dredge piles dry up. The contaminants would subsequently 
be dispersed by the wind. Reeds and algae growing in the 
ditch could uptake contaminants from surface water or 
sediments, These olants cauld then be eaten hv varinus ~~~~.. r.-.~~~- ---.- ~.~-.. -_ _- ._. -, .-.._-_ 
herbivores and the contamination passed up the food chain. 

The routes of entry to the receptors are by inhalation, 
ingestion, or direct dermal contact. The Baseline Risk 
Assessment will address all pathways as shown in Figure 3- 
1. 

3.4.2.3 Receptors 

Current and future occupational exposures to human 
receptors include: inhalation of volatiles or fugitive dust: 
ingestion of contaminated soils, ground water or surface 
water; and direct nnntact with enits: sndimentn~ drednn r-riles __.. -_. _-..-, --- -_._-, a- r_--l 
ground water, and surface water. Future agricultural and 
residential scenarios include these same pathways and the 
possibility of ingestion of contaminants through the food 
chain. 

Ecological receptors include terrestrial and aquatic biota. 
Terrestrial biota may be exposed through direct contact with 
sediments, flood deposits, and surface water in the ditch. 
They couid aiso be exposed from inhaiation oi dust, 
ingestion of contaminated plants, water, or soils, and 
through the food chain. Aquatic biota exposures could 
result from direct contact with sediments, dredge piles, or 
ggrfacg water 2nd hv inhalatinn nr inncactinn of contaminants -, .-. -.. -. -. . J -- . -. 
from surface water. 
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The regional aquifer flow beneath NRF is generally in a 
southerly direction. All NRF production wells, which are 
located approximately one half mile sou:: I sf the IWD outfall, 
have been historically monitored, and no heavy metals 
related to the IWD have been detected. Since regional 
aquifer flow is generally to the south, the nearest ground 
water pathway receptors for the current occupational 
scenario will be NRF and Test Reactor Area (T’RA) workers. 
Future agricultural and residential receptors would be 
farmers and ranchers using ground water for drinking and 
rlrrmertir I ,.zac Thars 00-n ,nra.,+rrrr I.,_, ,,.-I arc* ks ““I I Il.a.I” YIIU. 11,x311 UWII,W ‘C”C~W’O .I”“,” CUU” UC 
exposed to air and wind pathways for inhalation and 
ingestion, as well as direct contact with the contaminants at 
the site. 

Future agricultural and residential scenarios will take into 
account that the water in the ditch is generated by current 
operations and will not be present during any future use 
other than occupational. The only receptors for the surface 
water pathway is therefore current’and future occupational 
and biota. The exposure point used in the baseline risk 
assessment for the future residential and future agricultural 
scenarios will be at the IWD. The exposure point for 
--___-_.:--_# .__:I, _I__ I__ _I .I__ I,“,m VI____ :_ “r;G”pau”rlal Will am” “U a, Wit: I”““. I rwre IS II” c;“IIWII “I -- _.___ -1 __ 
future occupational exposure to the food chain pathway. 
Only future residents, ranchers and hunters are reasonable 
receptors for this pathway. The terrestrial and aquatic biota 
a_rr, the recenters far the surface w&r nathwnv thrnmh r---...- I ------a-- 
inhalation, ingestion, and dermal contact, as the ditch has 
created a source of water for various plants and animals. 
Ecological receptors include green and blue-green algae, 
reeds, vegetation growing in the ditch, and animals using 
the IWD as a water source. Food chain receptors would 
include herbivores that may ingest contaminated plants, 
secondary and tertiary consumers, and humans that may 
ingest contaminated game animals. 

3.4.3 Exposure Assessment 

Exposure assessment is conducted in three steps: characterization of 
a~nnev we cfdtinn. irlantificatinn nt ~vnn~n IIP nsthumrrr~ smr-4 m nm7+ifir+a+inn “<.P”““.” “” . . . . .-, .““. . . ...““..“. . “. “,.r”““.” r’.. . ..“.“, “. ,” y”-‘.....““.I”. . 
of exposure. The procedures are based on EPA’s guidelines (EPA, 
1989a) and other related guidance (EPA, 1988a, 1991 b). The methods 
discussed below will be used for the NRF IWD system. The exposure 
assessment process begins after chemical data has been collected and 
validated, and the chemicals of potential concern have been identified. 
The SAP has been designed to provide the necessary data to estimate 
the contaminant concentrations in the IWD. As further data are obtained, 
supplemental calculations may be used as needed to accurately 
represent the Ntir- twu system. ..-- ..- 
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3.4.3.1 Characterization of Exposure Setting 

At the INEL, including NRF and its immediate 
surrounding areas, there are no nearby resident or 
sensitive populations. There are, however, approximately 
ZQQQ workers ~mnlnvcad at the NRF with annther j@jQ -... r.-, -- -. . ..- , . -..-...-. 
employed at TRA, seven miles to the south. The nearest 
resident population is located in Mud Lake (1990 
population - 243). which is approximately 30 miles 
northeast of the NRF. Other significant resident 
populations exist at much greater distances from the 
NRF, with Idaho Falls (1990 population - 39,590) located 
approximately 50 miles to the east of INEL, Blackfoot 
(1990 population - 10,065) located approximately .* -~.I~- ~~ .a~~~~. -~~I . ,A^^^ . . . A^..\ 4 I mries sourneasr, an0 nrco (IYYU popularIon - 1241 j 
located 25 miles to the west of INEL. 

For each possible pathway, the location of the highest 
rnnenmahln inriikirml a~nn~nwa Irnforrarl tn se “cinnifipsnt .-.,-.,....-.- . . . . . ...““_. “l.rv-“*- \.-*.,,,-- .” “” “.J’ . . . ...“. ,. 
exposure point”) will be determined. Assessments for 
future impacts will not be limited to existing populations. 
Projections will address future residential and agricultural 
uses. At each significant exposure point, long-term 
exposures will be determined. 

3.4.3.2 Identification of Exposure Pathways 

T’ne sources of coniaminaiion and tine mechanisms and 
pathways of transport were discussed previously in 
Sections 3.4.2.1 and 3.4.2.2. This section of the report 
will reiterate the previous findings and discuss portions 
rnarifir tn ,hs ,I& larc.rcmsn+ ““,-S.-ace Ein, ,.a ?-I “v”“...v .- . . ,- . ,“.. .._..“..... . -“, . . r’ ..“““_. I ‘?.JY’“” I 
shows the relationship between various contaminant 
sources and transport processes, as well as exposure 
routes. Receptors are addressed in Section 3.4.2.3. If it 
is determined during the RI that sources or processes 
other than those shown in Figure 3-I are important, they 
will be included in the final risk assessment. All 
potentially complete pathways will be evaluated for risk to 
human health and the environment. 

In addition to the determination of potentially exposed 
populations, the probable exposure routes for each 
exposure point will be determined. For the NRF IWD 
. ...-+-- +*- m^.^..+:rll.. ̂ :^r:‘:^^..+ ^.,..^^. ..^ -^A:- :..^I. .,.A^ c.yaL.sIII, LI l=J pwrn 1Ucw~ “y’Ills\rsII II wnpL.wr IIIT”Ia II lrl”“r 
air, ground water, direct contact with soil, 
bioaccumulation through the food chain, and surface 
water. 
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. 

3.4.3.3 Quantification of Exposure 

Once the suite of contaminants has been determined for 
the IWD, constituent concentrations a! receptor points will 
be determined. In order to accomplish this, the 
rSSSOnabiS maximum exposure (RME) will be defined to 
narrow the receptor location scope. The RME defines 
both the type of human receptor (i.e., resident, worker, 
etc.), as well as the location of the receptors for expected 
nrarmn+ mnrl ‘8 It, II_ I ,eac ps’“““SS. Ull” I”.“I” “I”“. 

Because the temporal or spatial range may not extend to 
the location of the receptors, it may be necessary to 
supplement actual field data with data derived from fate 
and transport equations and models. Much of the data 
collection and analysis work defined in the FSP was 
included specifically to support fate and transport models 
as discussed in this work plan. Statistical analysis of 
monitoring data will include calculation of mean 
concentrations with standard deviations and using the 
“Student’s” t test for comparison to background 
concentrations to establish confidence intervals for the 
-^.,:-..- ^^^**-:--_I -^-^-- A_^&:__ .I__ _1_1_-__1 IIIMIIIIUIII IrVIILallllllQr,, Ir”r,~rxl,lau”l,. ,Y”,,-“ci,ci~,e” 
compounds will be treated as being one half of the 
minimum detection level listed for that set of data and 
analysis. All statistical methods and exposure calculation 
methods have not yet been determined and will be 
identified and explained in the final report. 

3.4.3.4 Estimation of Exposure Point Concentrations 

The contaminant concentrations at the exposure points 
for the various exposure scenarios will be determined by 
the use of mathematical models. Airborne ground water 
exposure pathways will be modeled using EPA and 1~1I..,__---~.-_I-.-_I-I- ~~~,.!.I~~~!,.,.. -.,.-A~~,,-.-~~, ~~ IU~VV approveo motets wnfcn will oe se~enea oases on 
data collected during the RI process. 

Many parameters are required to estimate the fate and 
tmnsnnri nf tha mntnminank Sib.cnarifie nmmmntnrc ..-. .-r-. . -. . . .- __...I......_. ..-. -..- lr --...” r _._..._._.” 

such as soil porosity, organic carbon content, particle 
size, Cation Exchange Capacity (CEC). transmissivity, 
and hydraulic conductivity must be determined for the 
particular setting. This site-specific information will be 
gathered during the sampling and analysis portion of the 
RI. 

Contaminant-specific properties such as solubility, --l---l,~~~-.~~~~~~~I~.(~~ --~,..~. ~. -~~* ~.. ocranor/warer panrrron coemcreni, ana SOII sorption 
coefficient can be found by one of three methods; 
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analytical methods, literature search, or estimation 
--*I.--l- ..-:-- ^..^ :I^LI^ _I^.^ r__ ___I -L--:--l_ :- III~U l”“J “Jll1y a.ycl.II~“tc: “cucx. T”I IIIUSL Ci,lellltr;am 111 
use today, sufficient experimental data have been 
gathered, making it unnecessary to resort to costly 
analytical methods to determine chemical-specific 
properties. For those chemicals that may not have the 
experimental data available for a particular property, 
sufficient data usually exists to estimate the required 
property. The primary method that will be used in this 
RI/FS effort will be a literature search. 

The sources that will be used include, but are not limited 
to: 

-..:A ^--- x-_ n _____ :-- I -... TiXk 1 SiiSS: uu~ua~clci IUI r\s~esw~y LUW 
Probability Hazard Sites at INEL - EG&G 
Track 2 Sites: Guidance for Assessing Low 
Probability Hazard Sites at INEL - EG&G 
FPA Stnndnrrl l-hfalllt FY~~SIWP Param&rs -. L_-._--_- -_.--.. -. r---‘- 
CRC Chemistry and Physics Handbook 
Other EPA promulgated documents that contain 
parameters of interest. 
Trade journals and other trade books 
Scientific journals and published data 

Potential models that are being considered for use in 
modeling the ground water include GWSCREEN, written _-A -..I#!-L-A Lo. m-n_ I.~~ I.,-, -~-~-1.--..-~. ano puo~weo q y CUCIU nor IIYCL apprrcanon, 
MODFLOW, and MODPATH. Section 4.4.5 of the Work 
Plan and Section 3.6 of the FSP discuss potential ground 
water modeling efforts. 

3.4.3.5 Estimation of Chemical Intakes 

Chemical intakes must be estimated to assess the risk 
posed by exposing an individual or population to 
contaminants. Intakes will be different, depending on the 
definition of the RME. As discussed previously, the 
definition of the RME includes a description of the 
receptors (resident, worker, etc.) and their locations. The 
intake quaniiiies for each pattnway depend on the 
specifications for the RME. Chemical intakes will be 
calculated based on Region 10 Supplemental Guidance 
to Risk Assessment for Super-fund - Standard Exposure 
ns+n, $1, Dn.lma+drc Thir “8 ,iAanra IEDA ,ml, a.\ wit, ha L”,““,. I YI.AIII”.“,.z. I1111 y”‘“u’IY” \L1 n, I”” I u, 1.111 “I 
used for standard inputs (e.g., body weight, breathing 
rates, soil ingestion, exposure durations, averaging times, 
etc.) with modifications due to site-specific considerations 
(considered as sensitivity cases to the default EPA 
inputs). Site specific calculations will then be compared 
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with results using standard EPA exposure assumptions. 
Office of Solid Waste and Emergencv Response 
(OSWER) Directive 9285.6-03 (EPA, 1991 b) will also be 
consulted for guidance on default exposure assumptions 
for many pathways and receptors. 

As discussed in Section 3.4.2 (CSM), the pathways of 
concern are ground water, wind, direct contact, 
bioaccumulation in the food chain, and surface water. 
Tlln rhamirnl in+d,a I ,raA in tlla rid scc~rcm~nt will hn I III” “ll”llll”c., III,U,\” ““I” 111 .I,” 11.71. Y”“““.JIII”II. . ..I. I” Y 
combination of intakes through each of these pathways, 
as appropriate. The ground water pathway intakes, for 
example, will include inhalation and dermal contact due 
to residential use (i.e., showers as well as ingestion from 
drinking water). Total intake will be a summary of the 
intakes due to each exposure pathway applicable to a 
specified receptor. Intakes for each receptor will also be 
determined for subchronic and chronic exposure times 
as specified in the Human Health Evaluation Manual 
(HHEM) and EPA Region 10 supplemental guidance. 
The resulting intakes defined as subchronic daily intake 
and chronic daily intake will be established. Finally, by 
““““k:“:“” .I.^ :“A:.,irl..^I .^...” ^.,“̂ “..~^” ‘*^- “““a. r”,,lullwy u,r IIl”lYl”“cu l”“lri wxf.I”~“,czr ll”lll Ta”II 
pathway, the total daily intake from ingestion and 
inhalation will be found for each intake duration. 

3.4.4 Toxicity Assessment 

Toxicity assessment summarizes the toxicity information for a chemical 
and is conducted prior to the risk characterization process. Toxicity 
information and the exposure assessment results are used to 
characterize risks. The toxicity information consists of values that 
describe the degree of toxicity of a chemical. EPA guidance will be 
used for toxicity data (EPA, 1991 b; and Integrated Risk Information 
System - IRIS). For chemicals not listed in EPA guidance, toxicity _I__ _.._ :I_LI_ IL-_-L AI_. r-..:__--_-1-1 c._:I__:- -__I 
iiiiOi:~EGiOii iS a~w avamuw wruuyr~ w3 crwrur~rr~erna~ wnana arw 

Assessment Office of EPA. This office will be contacted if insufficient 
information exists in EPA’s guidance documents or data bases. 

Three narnmatarc SW ~tam-i fnr the avd~tatinn nf nnnradinactivc? tnuicitw r----~~---‘- -.- ---- ._. . .._ _._. --..-.. -. ..-...--.--- . .._ .- . .._... 

- Verified (or non-verified, if necessary) subchronic reference doses 
(RFDs) 

- Verified (or non-verified, if necessary) chronic RFDs 

- Slope factors (for carcinogenic effects) 
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3.4.5 Risk Characterization 

The final step in the overall risk assessment process will be to combine 
the information obtained from the chemical intake and toxicity steps to 
arrive at a quantified risk. This risk assessment step is concerned with 
two types or components of risk; chemical non-carcinogenic and 
chemical carcinogenic. The first component, chemical non- 
carcinogenic risk, uses exposure information in conjunction with 
subchronic and chronic toxicity data to determine non-carcinogenic 
effects typically associated with short-term high-exposure conditions 
and longer-term exposures. The second component, on the other 
hand, uses long-term (chronic) exposures to determine carcinogenic 
risks associated with chemicals. 

T^ --A..- -1 ^ ^:^^I^ ..^,..^ ‘̂ _ ^^^L ^^_^ il ^_^_ i^ ^_A -^- ^^_^i -^-^- i^ I ” alllvw a, 51 WI IgIG “aI”= ,“I CjtilrlI Lalul lyjFil IW cl, I” I I”, I-~jal~~I I”yr;l IIL 
risk present at the site, it will be necessary to combine the risks 
associated with multiple chemicals. 

3,4,6 LJncertalnties 

Uncertainties associated with risk assessment procedures will be 
investigated. Many uncertainties exist in the determination of factors 
related to risk, such as toxicity values, cancer incidence rates, and 
exposure scenarios. Uncertainties will be discussed qualitatively in the 
risk assessment reports as suggested in the HHEM. Parametric 
sensitivity analyses will also be conducted to quantitatively illustrate the 
impacts of the uncertainties in inputs to the models. 
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4.0 WORK PIAN RATIONALE 

4.1 Data Quality Objectives 

Data Quality Objectives (DQOs) are qualitative and quantitative statements 
which soecifv the overall quality of data required to support the various -r--~~, 
remedial action response activities (RI, FS, risk assessments, and preliminary 
design). They vary based on site conditions and data uses; therefore, it is 
undesirable to establish uniform DQOs for all RI/FS work. The DQOs are 
established as part of project scoping and planning. 

DQOs should be specified for each data collection activity associated with the 
remedial investigation. Most of these activities will take place during the RI, 
including the collection of supplemental data for the FS, such as treatability _&_.A:__ L _ __. _:__ _I A_._ ____)_ --- :A_^.:‘:__l A..-:-- .L^ -----1:-c : _..^^ l :--1:-.. JL”“IOJ. ns ,e$“Km” uam IICGUS arci I”e,IuIw” ““,llly Ulii ililllti”lal I~IY~3LIyPLI”tI 
process, new DQOs are developed. In fact, the establishment of DQOs is an 
interactive and iterative process, whereby all DQOs are continually reviewed 
and reevaluated during the remedial process. All investigation activities should 
hn nnnd~rcted and dnnumnntnd in a manner that ensures sufficient data of -_ --..--_.-- -..- ____..._.._ - 
known and acceptable quality are collected to support sound, defensible 
decisions governing remedial action selection. 

DQOs are usually formulated in stages. During stage one, existing information 
on the site is formulated into a CSM. The CSM is presented in Section 3.4.2. 
Stage two further identifies data uses and data needs and is presented in 
Sections 4.1 .l and 4.1.2. Stage three presents the actual design of the field 
investigation. This information is summarized in Section 4.1.3. 

4.1.1 Identification of Data Uses and Data Types 

Data use categories for the IWD include the following: 

Site Characterization (SC): Data are used to determine the 
nature and extent of contamination and site conditions. This 
use is usually very data intensive. The goal is to maximize the 
quality, including completeness of the data, while minimizing the 
collection of superfluous data. 

Risk Assessment (RA): Data are used to evaluate the threat 
posed by the site to human health and the environment. This 
task tends to require data of the highest quaiity, and often of the 
lowest detection limits. 

Fate and Transport Modeling (Fi): Data from the RI/FS process 
>.,;,I ha I irarl +n r.cce.5.z +i.a mi”.a+inn A‘ r,Tn+sminan+r ,krF., ,nh tka 1.111 “I “II” L” “IICII LI,W ““y’cw”” “I Y”IIL~IIIIIIUIII.a .‘“““y’ LIIU 
pathways presented in the CSM (Section 3.4.2). 

Evaluation of Alternatives (EA): Data are used to evaluate 
various remedial technologies and alternatives for site 
remediation. The data must be good enough to distinguish 
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between different alternatives, to evaluate the likely effectiveness * .,~ or me aiiemaiives, and to cosi tine aiiernaiives for comparison 
purposes. 

Engineering Design of Alternatives (ED): Data from the RI/FS 
can be us& to &l~!O” m”f?~n+, ISI slnrf rlti, ml ramorlill Aoeinnc r .,-. .““P.“... . . .- ..“.““. , “, , ,“-*.,, ““v.Y, ..,. 
Although that task is beyond the scope of the current work plan, 
collection of data useful to that task should be considered 
throughout the RI/FS process, especially if the data can be 
collected for significantly less cost during the RI/FS. 

Health and Safety (HS): Monitoring data from the field during 
RI/FS data collection activities is used-to establish and assure 
compliance with a level of protection necessary for on-site 
contractors. Since inese contractors often have a high potentiai 
for directly contacting contaminants during the investigation, it is 
critical that the health and safety of their environment be 
monitored. 

4.1.2 Data Quality Needs 

The data needs for this RI/FS project have been established based on 
the review of existing data, evaluation of the CSM, and a preliminary 
risk evaluation. Table 4-1 lists the needed data by data type and 
identifies the data uses, data quality levels and data collection methods. 
The selection of the data quality levels was based on two primary 
considerations: the use of the data, and the PRAOs, or, when the 
PRAOs are unavailable, EPA risk-based numbers for drinking water and 
soil ingestion for the chemicals of potential concern. 

4.13 Stage Three DQOs 

Stage three DQOs are embodied in the attached SAP, which includes 
the FSP, the QAPjP, and the DMP. The FSP guides the quality of the 
field sampling, the QAPjP specifies Precision, Accuracy, 
Representiveness, Completeness, and Comparability (PARCC) 
parameters to ensure the quality of analysis, and the DMP describes 
the procedures necessary to document that data are of known and 
acceptable quality. 



CLP - Contract Laboratory Program Format 
EA - Evaluation of Alternatives 
En - Fnninaarinn naainn nf Altarnativnc - ..-...--....J ---.~. -. , . ..-...-.. _-- 

FI - Field Instrument 
PT - Fate and Transport 
HS - Health and Safety 

LS - Literature Search 
NA - Not Applicable 
R.A - Risk Assessmen? 

S/A - Sampling and Analysis 
SC - Site Characterization 

4.2 Field Sampling Plan Approach 

The objectives of this Work Plan are to collect, analyze, validate, and evaluate 
the data necessary to perform the Baseline Risk Assessment, and to evaluate 
the potential Remedial Action Alternatives discussed in Section 3.2. Based on 
existing data, a preliminary risk evaluation has been conducted to identify the 
primary contaminants of concern associated with the IWD. ,This preliminary 
^.,rl.*..U^” . . ..^A ,k^ PC?.” ..I&.^ ..^^^ A L. cL^^I:^^ ‘) 1 n --a :rl^...:c^A .I..^ *-*m ~“cII”c4.II”II “De” LIiT “UIW “IJC”JJ~” ,I, c)sibLI”II 13.-t.,+ aa I” I”eGl11111si” ,I 1si “aLa 
that needs to be collected during the RI process. 

The FSP (Part A of Appendix B), describes the technical approach and 
specifies sampling methods and procedures that will be used in completing 
field investigation tasks at the IWD. The FSP’s objective is to assure that all RI 
field methods and procedures are appropriate, consistent, and reliable. 
Appropriate, consistent, and reliable methods generate data of known and 
acceptable quality which are suitable for use in the Baseline Risk Assessment 
and FS. The FSP presents a detailed discussion of field investigation activities, 
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including near surface soil and sediment sampling and chemical analyses, 
drilling and subsurface soil and bedrock sampling and physical property 
measurements, soil chemical analyses, ground water sampling and chemical 
analyses, ground water level monitoring, and surface water sampling and 
chemical analyses. This FSP is subdivided into two plans that best describe .L- ..~.. -1~~ -~~IL-~ ---a- ~~~~ -I ~~~~~~~~ .,-~ ..--~ ~I-~~ A~.. me scope or worn ror eacn area or concern; me IYear sunace a011 and 
Sediment Sampling Plan, and Hydrogeological Investigation Plan. 

As discussed in Sections 2.4 through 2.6, several investigation projects have 
been conducted at the !WDI The data cnllncted durino thnnn investjnntinns .- --.- _- ..__._ - -- u _.--- a---..- 
have not been validated in accordance with EPA or NRF procedures. The 
existing data will be validated if adequate documentation of method numbers 
and detection limits can be located that will allow for validation of this existing 
data. The useability of the existing data for the RI/FS report is questionable at 
this time; however, all existing data was used in developing this work plan and 
the specific FSP details. The questionable value of the data from previous 
investigations is part of the reason that additional data will be collected. 

Tine near surface and sediment sampiing portion oi the FSP has been 
designed to collect enough data to characterize the ditch sediments and 
dredge piles, and to determine the useability of the existing data. Any 
validated existing data will be compared to the data collected during the RI 
nwwva~e cam-4 W mwwr~nri~tn tacf.wl in tha ClllF.0 rannrt zinc4 rkeicinn mskinn r.-“-I” . . .-, . . ..rr.“r.....-’ “-“- . . . ..” . .., - .-r”. . . . .- “-“.-..,. . . . . . . . . .- 
process. Sediment sample locations noted where existing data high 
concentrations of chromium will be resampled to identify trends in contaminant 
concentrations through time. 

The preliminary risk evaluations have also identified a substantial data gap in 
the area of contaminant fate and transport information. In particular, the 
hydrogeology beneath the IWD and the current spread of contaminants are not 
adequately understood. The characteristics of the alluvium will have a major 
effect on tine absorpiion of coniaminanis and their abiiity io migraie io ihe 
ground water. The hydrogeologic investigation portion of the FSP has been 
designed to collect data to understand the hydrogeology and geology of the 
IWD and surrounding area. This data will also support potential ground water 
p,o&!ing e+$. l-k.3 hnrd? I I II” ““#“I I”I”W “Ie”YIII”Y II I Y”“.l”l I -.-..A. I v.111 Ul”” “I “I”” n e.2 Airr, sercb-4 in onr+inn A n , * \.A,, eden hn I ,rc.A 
to collect samples to identify the current spread of contaminants to the 
alluvium surrounding the IWD. 

4.3 Surface and Sediment Sampling Rationale 

4.3.1 Sediment Sampling 

All of the water discharged from NRF operations into the IWD enters 
through a single culvert at the outfall. The IWD outfall is located just 
north of the northwest corner of the NRF perimeter fence, and extends 
approximately 3.2 miles to the northeast. The wetted portion of the 
IWD varies with NRF operational activities. Currently, water ends at 
^^^-^.,:-^,^l., 4 0 -il^^ a~p,“*““auz~y 8.L Ill,lUJ. D.i^. 4.. l t... i”̂ ^+i.,m+i-m ^I C,\A, ,k^ ,.,r+^. 

r~ ll”, L” LI l-z II Ial,,YYaY”I I “I u I ““, $1 llz ““511czl 

normally ended at 1.6 miles, and extended to 1.8 miles during high 
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discharge evolutions. In general, depth of water (hydrostatic pressure! 
decreases as the distance from the outfall increases. This factor, and 
therefore infiltration rate, would tend to result in decreasing contaminant 
concentration with increasing distance from the outfall. However, other 
factors such as soil physical properties and vegetation density may 
affect contaminant concentration levels in the sediment. 

Based on the assumption that contaminant concentration decreases 
with distance, a tiered sampling approach will be used such that the 
+,nn,,anr*r nf re,.m..linn I.,;,, Aar.,.rr.. t.ri+b. rli..l^l^^ I.^... +L.,. ̂ . .Cl^lf ““.$Y”S’“, “I ‘u”y”“y 1.11, “w”ITa.aT .“1111 “I~I~.IIL.~ II”,,, LIIS ““,,a,,. 
However, to investigate the effects of other factors, the Field Sampling 
Plan includes an infiltration study, soil physical property analysis, and 
targeted sampling in addition to the tiered sampling. 

For the tiered sampling, the 0.6 mile marker was used as the cutoff 
point for the first segment due to a visible change in the IWD vegetation 
and algae growth at this point. The remaining historically wetted 
portion of the IWD has been divided in half, resulting in three equal 
segments of 0.6 miles each. The fourth segment is the dry portion of 
the IWD from 1.8 to 3.2 miles. These tiers will be sampled on a - 
progressively larger sampling interval. The samples will be collected in 
a staggered pattern, moving from the center of the channel to the right 
-‘.I-- -L----S L--1_ I- IL_ ---1-- -1.L- -L ---. I “I u,e GrIaaIIIIe,, uaiin 1” UlU r;ar,wr “1 UN! Grlarlrlel, an0 men IO me ,erI 0, --A .L.~. *- _I.- I-Y -* 

the channel. 

For the targeted sampling, existing data (discussed in Sections 2.4 
throuoh 2.8) will hn reviewed and mm11 dad tn iciantifu mavim IE cmmnla _~ -.-, .~... -_ ._..___ -..- -.-.-_.-_ .- .__..... , r .-..--- _-...r._ 
locations which had high analytical results. New samples will be taken 
as close as possible to the old sample locations at 0, 0.6, 1.4, and 1.6 
miles from the outfall. These locations had the highest total chromium 
concentrations with values up to 1,270 ppm above background. 
Appendix B Part A, Field Sampling Plan Figures 2-2 through 2-4 show 
the targeted sample locations. This will be accomplished by adding 
four sample locations to those in the systematic staggered pattern 
discussed above. 

Existing data on water infiltration from the IWD is unreliable, but does 
suggest that there are some areas of the IWD with higher infiltration 
rates than other areas. It is unknown whether this is a linear function of 
the riiatanca nr a rten fi mrtinn The infi,t.~+inn *+a d\, rlicr, Icead in . .- -.-.-. .__, -. - -.-r ._..-..-... . . .” . . . . . . . . . ..-.. -.““, ..a.,“““““- II I 

Section 4.4.3.3 will help assess this issue. Both linear and step-wise 
infiltration hypotheses support the FSP scheme of assessing the IWD 
sediment contaminant concentration in segments. 

The existing data presented in Sections 2.5 thru 2.8 also show that the 
contaminant levels decrease with increasing depth below the IWD 
bottom. Therefore, the sediment sampling will concentrate on the first 
12 inches of sediments. The geological investigation discussed in e--.~~ . ..-. 3ec11on 4.4.~ rnciudes tine coiieciion of sampies irom deeper soiis. 
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The suite of analyses that have been identified for the near surface and __A?-_-1 __--,:-- L_- I---- L---A .~. .I.. .-~-A---.---.- .~,~ ~..,.~ , .~ 
S~UIIIIC~~IL aart~pur~y rms leers U~SBU on me conrammanrs loenrmeo In 

the existing data. Silver and chromium have been consistently 
identified at sampling locations throughout the IWD and dredge piles. 
Additionally, lead, mercury, and some trace organic compounds have 
been identifigd, but not as r.gnr;jgten@J nor ifi the cQncentrg?~Qns found 
for silver and chromium. The metals listed above and some organic 
compounds are also known or suspected process releases based on 
process and operational knowledge. The samples will be analyzed for 
Total Metals, and TCL VOC and SVOC using exhibit D of CLP SOW 
OLM 01 .O (inorganics and organics respectively), and specific 
background indicator metals as listed in the FSP. As required in the 
SOW of the CLP, TICS of the VOC and SVOC will be compared to a 
library search. These compounds will be used to correlate sample ___.. I._ . ..c.L L__I.---..-_I -----I-- --II. ..- .I v-.-1 n-I~~-I- ~~~~ resuks wrrn uacnyrouno samples coseneo. I ora, rerroreum 
Hydrocarbons will also be in the analysis suite due to known trace 
releases of oil. 

The same philosophy was used in designing the sampling plan for the 
dredge piles as that used for the IWD sediments. The intent of this 
sampling effort is to provide the necessary data to support the Baseline 
Risk Assessment and to evaluate the useability of existing data. Seven 
samples will be collected at the surface and analyzed for the eight 
target metals identified in the FSP. These samples are necessary to 
support the risk assessment work because the primary pathway for 
migration irom tine dredge piies is ihrough wind dispersion. No 
analysis will be performed for VOCs on these surface samples since the 
dredge piles have been exposed to volatilization for at least 12 years. 

Snmnler w/l! be taken from 51 Incntinm s+ 2 rlnnth in thn Arcsinn nilnc --... r.-- ._” I..I..I “. - llr... . . . ..- “.-“J” P..“l 

approximating the middle. A second set of samples will be taken from 
the undisturbed soil beneath the dredge pile at the same locations. 
Both sets of samples wilt be analyzed for the identified metals. In 
addition, 25 percent of these locations will have samples collected at 
both depths and analyzed for VOCs. These samples will provide data 
to characterize the dredge piles and to support the risk assessment of 
the proposed NRF plan to perform dredging and to groom the banks of 
the IWD for vegetation control. 

4.3.3 Wind Dispersion of Contaminants 

The .r,inA Airns,rinn n‘ mn+aminantr ‘,nm +L-.n rl.aA-s milac I.,il, ha IIl” .SIIl” ““I*~“‘“” “3 .e”II1cuIIII1~1II~ IIVIII LIIW “““yo p,vac. 1.111 “I 
assessed as part of the Baseline Risk Assessment. The extent to which 
the contaminants have been deposited in various locations around the 
IWD will be an issue in this assessment. This work plan does not 
include the collection of samples around the IWD for the sole purpose 
of evaluating wind dispersion. If the baseline Risk Assessment wind 
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dispersion modeling and dredge pile sampling indicate that 
contaminant dispersion poses a significant risk, then additional samples 
will be collected to evaluate this pathway more full!: ‘n a second round 
of sampling. If the risk associated with the dredge piles as the current 
conditions exist is not considered significant, no adiiitional surface 
^“.“...1^^ ..A, k.. ^^,,^^,^A us11 I ,y,wq ““111 YT ““IIszrl~“. 

4.3.4 Background Sampling 

Background sampling will also be performed to assist in the evaluation 
of the risk calculations. The background data accumulated will be used 
in conjunction with existing background data and data acquired from a 
literature search for other INEL background data. A tolal of 20 
background sample locations were selected based on identification of 
undisturbed soils near the IWD, review of aerial photographs, wind rose 
direction, location of INEL facilities, and a literature search of other 
background data at the INEL. These locations may change slightly if 
problems are encountered during sampling, or if there is evidence that *I__.. _I_ __I __- ____ -1 ..__(!_A_._L__I _-?I m-_ __-_I_ .__:I, I__ __,,__._A ,nay U” ,I”\ repraar;rn urI”IsL”r”e” ~“11. VIE tiarnpw Will “t: G”llwGvz” 
and analyzed for the selected metals identified in the.FSP at each of 20 
locations, and a sample will be collected for SVOC and TPH at every 
fifth sample location. If SVOC and TPH analyses indicate that organic 
rnntaminanta nm nracant than the snnrnnriatenaac nf that hncknm~tnri “_. .-. .-. .” -. ” r. “” “. .., . “. . ” -rp.“r .._.“..““” -. ..-. ---.. 
location will be re-evaluated. Since most VOCs are not naturally=.--..- 
occurring compounds, no VOC analyses will be performed. 

Hydrogeological Investigation Rationale 

4.4.1 General 

Data collected to date indicates that activities associated with the 
operaiion oi proiotype pianis ai NRF and the subsequent discharge oi 
water to the IWD may have had a minor impact on the quality of the 
water of the Snake River Plain Aquifer and perched water beneath the 
IWD. Refer to Section 2.6 of the Work Plan for a summary of past 
nrn, #“A wmtrar mnni+nrinn VPEI t,tc =,-“..- .._.“. . ..” . ...” . . . . J .--“..“. ,b.na!\wfac roe, ,,+c C-St water ElmnlCC I--- .---..I -’ “_... r.“- 
from wells NRF-6 and NRF-7 show that water from these wells contains 
elevated levels of chloride, sulfate, sodium, calcium, chromium, iron, 
aluminum, manganese, barium, and nickel. Levels of chromium in 
wells NRF-6 and NRF-GPS-6 are approximately 50 ppb. These levels 
do not exceed the MCL of 100 ppb (56 FR 3525) but are higher than 
levels seen in surrounding wells. A summary of the ground water 
monitoring data shows slightly elevated levels of many of these same 
constituents in on-site and down gradient wells as compared to up 
gradient wells (see Section 3.7.1 j. The full significance of these data is 
not yet understood, and additional evaluation is necessary to determine 
the source of these contaminants. The activities described in the work 
plan are intended to gather more data about this and other 
k.,.-lmnb4rmir n,rrhl.wne “,“‘“y”“‘“y’” f,,‘““‘“1”“’ 

4.4 
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Since tha axirtinn rlata dnar nnt inriirnte that contaminant levels /n i - - . - -. ..- . J -- .- - - - - - -. --. - 
either the perched water or the SRPA exceed MCLs, it is not necessary 
at this time to include a detailed modeling effort of the perched water 
bodies or the SRPA. However, the Hydrogeological Investigation 
described below has been included in this Work Plan to further assess 
the current and potential impact of the IWD on both perched water 
bodies and the SRPA. If the data collected indicates that there are still 
significant data gaps relative to these ground water bodies, then a 
ground water modeling effort may be added to the RI/FS work scope 
as discussed in Section 4.45. i’ne oerermlnarlon es 10 me necessity, ~I~.~ ~-~I~-&.- ~~ 1~ *I-- 

objectives, and application of any ground water modeling work will be 
made by NRF, with review by the EPA and IDHW. 

4.&z f?annhvcit-al lnvnctinatinn ---r ..,-.-. . ..----.---.-.. 

4.4.2.1 Gravimetric Survey and Borings 

The purpose of the NRF gravity survey will be to more 
precisely determine the topography of the basalt surface which 
is underlying the surface alluvium. An interpretation of the data 
gathered during the gravity survey will provide information on 
the effect that the basalt may have on infiltration from man- 
made and naiurai recharge sources, as weii as provide input 
for the potential hydrogeologic model. 

Data collected previously at NRF indicates that the surface of 
+&.a hc..z~,+ rncl\, c..-+ de .a c,3mi.ns,merrh,a hc,rriclr tn ,hn flnw nt \I,” “s..zUI. “‘.A, “V. Y” u ““II.I y”.“.“.““‘” “l..l”, .., . ..” ..“.. “. 
water infiltrating from the surface. Water reaching the basalt 
could be directed down gradient to a remote location, and 
then infiltrate into deeper layers. This phenomenon could have 
an affect on local ground water recharge, and could be 
significant input data for ground water modeling programs. In 
ground water systems where this occurs, the difficulty of 
predicting contaminant transport and fate increases greatly. 
Before an attempt is made to assess the influence which the 
surface of the basalt may have on ground water hydrauiics, 
that surface must be characterized. Gravimetric data will be 
collected for this purpose and verified by bore hole drilling. 

,-a, y,a”,,,,~,r,cl rr,,a,,yw I,“,, ,rclu,,,yr ..1111 Llllls7, C”~II Lib 0 ItAl” All r~r.,is..r+ra. r*r”rr “,,I, .rrAin”r ,.,i,k tima -*,a” a+ 0 ~;“~A 
location. The primary cause of this phenomenon (drift) is 
spring fatigue within the meter, changes in gravitational pull 
due to earth tides, and the relative position of the moon and 
sun; The net result of drift is that repeated readings at one 
station will give a series of different gravity values. To correct 
for drift, some of the gravity stations must be periodically 
remeasured to produce a drift curve for the gravimeter. The 
maximum time between measurements determines the 
accuracy of the resultant measurement, and should not exceed 
two or three hours. A primary base station is established, and 
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all drift corrections are referenced to this point. Secondary 
base stations are also established; the purpose of the 
secondary base stations is to provide a sec;ydary reference 
point rather than returning to the primary base station. All 
secondary base stations are referenced to tile primary base 
station. Figure 4-1 shows the survey locations. 

The data collected are also corrected for elevation, latitude, 
and the attraction of material between the station and the 
reference plane. When all corrections have been made and 
.z.nnli.%-4 tn ,kn nkeanrarl “,~\,i+a, .acArlinn thn nrr, tn, 1-1 n.nrit\r c.yyv”‘y L” .I,” “YIIl.“” Y’U”B., ‘“.A”“‘y, .IIY L”“y”“m YU”“., 
value is obtained. The resulting contour map of these values 
will represent changes in gravity readings due to variations in 
the topography of the basalt, and gradual changes in gravity 
due to deeper, large scale regional variations in geology. 

One method to separate the Bouguer gravity anomaly into 
these two separate components is to approximate the 
anomalies as polynomial surfaces. It is estimated for the 
purpose of this study that the regional anomaly can be 
approximated by a 1st or 3rd order polynomial, and that the 
anomaly due to near surface basalts can be approximated by 
a 5th to 7th order polynomial. A 1st order polynomial surface 
:_ - -I_-_ A __--- _I ___I__ -..-I--- :_ _I:__,__._ _I -- - __“:__ -‘ IS a p,ar,e. n Stw”II” “low 8”Ilar;r; 15 “lsplaya” aa a SOIIciJ “I 
sinusoidal waves. An n* order surface matches every detail in 
the basalt surface. It is not possible in the scope of this RI/FS 
to acquire enough data to achieve an nlh order match; 
howeveri it Is estimated that a 5th to 7th order match can be 
achieved using a gravity station spacing of 100 feet as shown 
in Figure 4-l. 

To calibrate and confirm the interpretation of the gravity data, 
thereby more accurately characterizing the basalt surface, 25 
bore holes will be drilled to the top of bedrock. Figure 4-2 is a 
cross section which demonstrates a profile view of the surface 
of the basalt. This cross section was constructed from drilling 
daia gatiiered during tine i96ii66 Phase i Ciosure Pian 
Sample Collection report and the 1991 Hydrogeologic 
Investigation. As shown by the cross section, the maximum 
change in elevation of this surface is approximately 40 feet, 
a& !& &!l.n.ce b&ypy hdmrk hinhf rsmnec frnm ---.--.. ...J..- .-..=-- ..-... 

approximately 200 feet to about 600 feet. 

4.4.2.2 Resistlvity Sounding and Profiling 

The resistivity method was previously used at NRF during the 
summer of 1967 in an attempt to locate perched water bodies. 
The results of this work were inconclusive. At the time this 
work was performed, little was known of the stratigraphy 
beneatii tine IWD. Furinermore, tine presence oi perched water 
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beneath the IWD was suspected, but nothing was known of its 
depth or iocation. 

Ten resistivity soundings were performed as part of the work 
for the 1967/88 Phase I Closure Plan Sample Collection report. 
Tka (ire+ rsrir+L,ih, e+a+inn I”,clC ,n,.~+nA r,nnm”im~+P,,, n fi nli,c,E 01 II 111w. ‘Y”.v”“‘., CI.“..“, I ..U1 1”W.A.“” ..yy ,” -.,. * -.-., -.- . . ..-- 
from the outfall of the IWD. Other stations were progressively 
further from the outfall. All stations were located within 50 feet 
of the IWD. 

During the 1991 drilling operations, perched water was found 
at approximately 0.1 miles and 0.4 miles from the outfall. 
Perched water was encountered in well PS-9, 500 feet from the 
IWD. Perched water was also encountered 150 feet away from 
the IWD in well PS-6. Because no resistivity soundings were 
performed before 0.6 miles, and since no exploration occurred 
beyond the immediate confines of the IWD, it is possible that 
otherwise inconclusive results may have been more successful 
:” .I^,^“&..” ,I.” “,““,.“..” “‘ ““~“k”rl ,,,>tsr Par-, ,ce mnr, nf II I “T,.zh,&II ‘9 LI IW I*’ Wc.czl ,tir “I yG’“1 IV” “.CIZWI YI”s.“I” I. %“I. -a 
the resistivity work was performed adjacent to the IWD, water 
infiltrating from the IWD could have interfered with the reading, 
masking the detection of perched water. 

Since 1967, additional information pertaining to the geology 
beneath the IWD has been gathered (see Sections 2.4 through 
2.6). This information shows that the area in the vicinity of the 
IWD is underlain by several basalt flows with a total thickness 
of approximately 85 feet. These flows are underlain by a red 
colored sedimentary interbed (red bed). This red bed is 
associated with, but is not the cause of perched water. The 
red bed is very porous, and acts as a water storage unit in 
.__L :“L . ..^.^_ ^^^....“.,I^ a-.. Tk” W,,,lJI waw, cIGlr”I1I”Ia.L~‘3. I I IV va.Jat, “I lurllyl, ,y LI ITi IT” “XT” !U L-^-l+ ..“..l..A,i”” ,h- *“A km,4 ic 
semi-impermeable in some locations, and is the layer which 
causes the formation of perched water bodies. The apparent 
thicknesses of the perched water bodies referenced above 
ranoe from about four feet in well PS-1 to about 20 feet in wells .-..=- .~-~~~ .~~..~~ ~~ 
PS-5 and PS-9. Neither the true thicknesses of the perched 
water bodies, nor their exact boundaries are known. 



.., 
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Although the 1987 resistivity study failed to identify the location 
of any perched water zones! the chances that the proposed 
resistivity study will be successful have increased because of 
the discovery of perched water during the 1991 drilling 
activities. A more detailed description of hcrv the resistivity 
survey will be performed is presented in the Section 33.2 of 
the FSP and SOP-10-14. 

4.4.3 Geological and Hydrological investigation 

During wet periods, a large amount of water infiltrates into the 
subsurface through the gravels surrounding the IWD. It is 
important to know how this recharge interacts with water in the 
IWD. The surface of the basalt is often intrinsically 
impermeable, or fractures are filled with a thin layer of clay 
which causes basalt to act as though it were impermeable. 
Either situation promotes the perching of water. It is possible 
that the surface of the basalt may redirect the flow of water 
away from or towards the IWD. 

In the past, water being discharged to the IWD contained low 
conceniraiions of heavy metais and other coniaminanis. 
Some of these contaminants were metabolized by algae and 
plants living in the IWD. Some of the contaminants were 
“locked’ into the sediments of the IWD channel by the 
nrc-wceea~ nf nrfcnmtinn rhaistinn matinn nvrhsnnn ad ~ ----- -- -. --1-. r ..-. , -. .-.-..-. ., --..-. . -I.-. .-. . J - ( -. - 

anion exchange. Those contaminants not retained by the 
mechanisms described above migrated into deeper strata. 
The ability of these contaminants to migrate depends on many 
factors, including mineralogy, particle size, ambient 
temperature, soil moisture tension, pH, Eh, and activity of the 
ions involved (Fetter, 1988). Some contaminants migrate 
through subsurface gravels over greater distances, and at 
higher rates than other contaminants. This process of . . asterentiai migration is expected to cause coniaminants 
released into the subsurface from channel sediments and other 
sources to form zones around the bottom of the IWO channel 
as illustrated by Figure 4-3. Those contaminants which 
nneeeee ,,-.I., min.e+:“n nn+an+:ed 1.1:11 km.. a -,.-a na.3. +,a n&m y”L’Y” I”,. ““y1uL’v” ~“.=A”‘“’ 1.111 l”llll c.1VIII ,IWUI .,II I..Y 
channel, and those contaminants which possess a higher 
migration potential will form zones at increasing distances from 
the IWD. 
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Figure 4-3 Zonation of Chemical Constituents 
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There are many factors which affect the mobility of metal ions 
in soii. Ttnese inciude vaience oi the ion, tile ionic radius, and 
the physical characteristic of soil. The size c)i tlie potential 
contaminant zones cannot be determined until the physical 
properties of the soil beneath the IWD are determined. For 
tllie ,PsEnn 3 ,=.,“a “8 wnhar ni csmnlc.c will ha ran, ,irsri +,l . ..I” .“..1”11, . ‘wy” IIYIIIYII “I ~““p’“” .,11* YY ‘“y”““” .” 
assess the degree of zonation. 

Four series of seven boreholes will be drilled in lines 
perpendicular to the IWD. The proposed locations of these 
lines have been selected based upon current hydrogeological 
information and to maximize the retrieval of information for 
comparison purposes. 

One line wiii be placed at the outfall of the ditch. It fs expected 
that the highest levels of contaminants will occur near the 
outfall. Data from the other lines can be compared to data 
from this line as a measure of the change in contaminant 
1^.,..1^ ..,:*I. .A^.^..^^ La- .I.^ ^..U^I, r-L- a:..- .*.:I, L^ ^,^^^A IO”lj,J 11111I “IJIcLllL.ci ll”lll LIIcj ““,,a,,. “I lri IIIIci Will “cs &mlG’j” 
between 1.2 and 1.8 miles from the outfall. This is the * 
approximate distance at which year-round water ends in the 
IWD. Data from this line will be used for a beginning and end 
comparison. Beyond this point, potential contaminant levels 
are expected to decline rapidly because of the decreased 
volume of water which infiltrated through the IWO channel. 
One line will be placed near 0.6 miles from the outfall. This 
location correlates to the distance where the occurrence of 
algae ends. Uptake of heavy metal by algae is a significant 
process and could affect the concentrations of potential 
contaminants in the sediments. The last line will be placed at 
approximately 0.4 miles from the outfall. This location _-_-__-_-A_ .- A-_1 LI-L %-l?#.--ll-- r;“rrtq.lurl”s LO a suspecN%J r&p Irlllllrauur, Lone; t,,e levels “1 ----. .L- 1...-t- -1 

contaminants at this location are anticipated to be higher than 
surrounding zones with lesser volumes of water infiltration. 
Additional lines may be placed at locations along the IWD 
channe! which exhibit hinh infiltratinn rates: these are ernectnd .~..~~_. ~.._. -..-.. .-.-_, ..___ -._ _..r __._ - 
to overlie portions of the subsurface which exhibit high 
concentrations of contaminants. 

Samples will be collected and analyzed for Total and TCLP 
Metals. Total Metals samples will be collected to assess the 
degree to which contamination is present in the subsurface. 
TCLP Metals analysis will be performed when certain ‘trigger’ 
levels are exceeded during the Total Metals analyses. The _^.^.. I b~i- Metals anaiysis wiii be used in evaiuaiing remediai aciion 
alternatives. Performing the TCLP analyses at this time will 
save money by minimizing the need for future borings. 

Snma “f +ha E%ndPE tn hr? zm~l\,7cd fnr both Tota! 2nd TCLp i -...- -. . ..- I”...r.-- .” “” . . . . ...-*.. ..,. 
Metals will be prepared by sieving, and others will be prepared 
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Some of the samples to be analyzed for both Total and TCLP 
Metals will be prepared by sieving, and others wiii be prepared 
by rinsing with dilute nitric acid. It is anticipated that most 
contaminants will be bound to the finer portion of the alluvial 
sediments. 

Analysis results of bulk samples would underestimate the 
concentration of contaminants contained in the fines of the 
sample. Sieving some samples prior to analysis will reduce or 
eliminate this bias in determining levels of contaminants. 
These results will then be compared to unsieved samples 
collected over the same zone to determine a more accurate 
measure of contaminant concentrations. Analysis of gravel 
rinsate will also be a measure of the assumption that most 
contaminants are in the finer portion of the alluvial sediments, 
and will add a third data point for a more accurate measure of 
contaminant concentrations in the alluvium. Performing this 
analysis at this time will save money by minimizing additional 

-._#A _:-_:c__ 

4.4.3.2 Perched Water Exploration 

As a resu!! of the !99! dri!!ing program? perched water was 
encountered at two locations, and a total of five piezometer 
wells were completed. A large amount of piezometric data has 
been collected from these wells; however, the lateral 
boundaries of these perched water bodies are not presently 
known. Similarly, the geological mechanisms which caused 
the perched water bodies to form are not fully understood, nor 
is it known whether these two water bodies are the only two 
which are present beneath the IWD. 

The mechanisms which cause water to form perched bodies, 
and how these perched water bodies interact with recharge 
water, natural precipitation, and the IWD must be determined. 
Thn annmuimatn ina ami the shape of these perched bodies ..” “rr .“,....._.” “._” - ._ 
must also be known. There are several reasons why the 
above information is important. 

First, it is possible that these perched water bodies are 
irregular in shape, and that they possess “arms” which drain 
water away from the main body of perched water. It is not 
important to know exactly where the boundaries of perched 
water bodies lie, but it is important to know with a fair degree 
of certainty that water is noi being directed away from tfne main 
perched water body. 
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Secondly, initial results of analyses of water samples collected 
‘.nm I.,e.IIC h,OC c “.nA MOC CDC c rk,w., t&.-t IallnlC n‘ rk.*mi, I,.. ,,“I,, ““.zl,* I.111 -u _I,” ,.I II -“I u-v ~I,““. LIICAL JClrle “I “IIIVEIIIUIII 
are present at half of the MCL. Lack of gc:d quality historical 
data prevents NRF from assuming that the present levels of 
chromium in these wells represent maximum historical or 
future levels. The quality of the perched water in the two 
identified locations cannot be assumed to be an accurate 
representation of the quality of all perched water that may be 
present beneath the IWD. 

Finally, data on recharge is an essential input parameter for 
any potential ground water flow modeling. The two 
components of recharge that are of greatest concern are 
volume and location. To understand these parameters, the 
.1_:_1_-___ _-A I__..-_I__:__ _..L_ -_-_1___1 .._.__ !--_I:__ UllGKll~SS all” ““LNI”tllW5 “I ilIt: partilia” WaLar “““It33 III”S:l “c: -..-I L_ 
defined. 

Up to five wells will be drilled to provide information on the 
oerched water bodies; The exact location and number of wells r-~-.~-- ~~..~.~ 
will be determined based on the results of the resistivity 
measurements (see Section 4.4.2.2), and will be approved by 
IDHW and EPA. If perched water is encountered, a sample will 
be collected and analyzed for Total Metals and Organics 
before any well completion work is done. These samples will 
provide data of the effects that drilling the well had on perched 
ground water quality. When the well is completed and 
developed, another sample will be collected for Total Metals 
and Crganics anaiysis. T’nese sampies wiii provide 
comparison information to the samples collected during 
drilling, and a more accurate portrayal of the true perched 
water quality. 

4.4.3.3 Stream Infiltration Study 

The IWD’s ability to transport contaminants is determined by 
the volume of water flowing within the IWD channel. Increased 
flow into the IWD causes larger volumes of water to infiltrate 
through the bottom of the IWD. The highest probability for the 
occurrence of significant levels of contaminants occurs at 
these high infiltration locations. High infiltration zones are also 
zones of high recharge to the underiying perched water bodies 
and the regional aquifer. Recharge is an essential input 
parameter for any ground water flow model. 

T,. Ar*nre-.i”rr Ik^ ,,.rr*iF.n r< kink :n‘il+rr+irrn 7-n.... I” “TiTIII,Illr LIlcz I”“~.II”I, “I ,uy,, IIIIIIUo.U”II L”llcz*( an 
infiltration study will be performed. An infiltration study of 
similar nature was performed in 1966. During this study, 
measurements were taken at nine locations. The results of the 
infiltration study showed an increase in flow volume in the IWD 
over the first 0.4 miles. Over the next 0.6 miles, the stream 
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flow volume decreased. At a distance of 1.35 miles from the 
outfall, the flow volume increased to a maximum, then declined 
again. This type of behavior is inconsistent with expected 
geologic norms, and supports the conclusion that the data 
from the infiltration study are in error. 

To predict the stress on the ground water system caused by 
recharge, a water budget for the IWD must be determined. 
The volume of water entering the IWD must be measured. 
W.+~r +hn+ nntarc tkn nlvn ‘mm NDC C.-.rnPC ttvrr, ,nh ,-.ne 47” . ..A.“. . ..-I) “11.“1” .I,” ,..I ,,“,I, I., II ““llllcl ..““U~” “ll” 7” 
culvert. The volume of discharge from this culvert varies 
depending on the weather, time of day, and prototype plant 
operation levels. A flume will be constructed to measure the 
volume of water entering the IWD over an extended period. 

4.4.4 Geochemical Analyses 

Perched water found in NRF wells PSI, PS-5, PS-6, PS-7 and PS-9, 
water from the sewage lagoons and the sewage lagoon piezometer 
well, and water from the IWD will be sampled. Results from the 
analyses of these samples will be compared with each other to 
determine the source of water present in the NRF-GPS-1, PS-5, PS-6, 
PS-7. and PS-9 wells. n-r, ^^,&...-^A L-- I&^ ^....I ..^^^ -1 AL-.. ,..^ I.._ ,.,:I, Yaka ya,,,r,ru I,“, I I II IFi a, ,a,yac;a “I LI 1-a WaLFil ““ill 
provide valuable information about the hydrogeologic characteristics of 
the lithology beneath the IWD. This information will also provide data 
on the geochemical properties of the strata beneath the IWD, and will 
aid in determining the effect that precipitation has on the geochemistry 
of the perched water bodies. Analyses of the perched water will 
determine if contamination is present, and provide input data for 
potential hydrogeologic modeling work. Section 3.9 of the FSP 
discusses the specific parameters which will be tested. Analysis results 
of previous water sampling is presented in Section 2.65 of the Work 
Plan. 

The sample locations along the IWD correspond to areas of the IWD 
_L_--_ I ._.XL .L_ L!-L__. -_*_-c-1 -2 L-V-- wlallrlw Wllll LIW ,,,yrw:s, I.‘“L”“L1”’ “1 “alrly a sourct: “I watar LO Wlt: _ _-...-- -1..._. -- &_ .L- 
perched water bodies located beneath wells NRF-GPS-1, PS-5, PS-6 
and PS-7 (See Figure 4-4). This sampling program assumes that there 
are segments along the IWD which allow water to infiltrate at a higher 
rate than other sagments. The locations of these hioh infiltration zones ~~u~~ .~ ~~~~~~ ..~~. 
are unknown, if they exist at all. Data collected while drilling wells PS-1 
through PS-15 during the summer of 1991 indicates that the perched 
water bodies beneath the IWD cover an area of approximately 100 by 
100 yards. The spacing between sample location along the IWD is 
based on these observations. 

Several pairs of duplicate samples will be collected from the piezometer 
wells. One sample will be filtered and the other one not. This will be ~,-~--L- A.1-~--.--I- ~~I.-L-~~I~~..I--. ~-~~~~I~~I~~~I.~..~~I ~-A.-~ -1 oone 10 oerermrne IO wnar exrenr me suspenoeo seormenr portjon 01 
the sample adds to the overall level of contamination. Refer to 
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Section 3.9 of the FSP for more details of the specific analyses to be 
performed, their location and timing. 

4.4.5 Hydrogeological Modeling 

Al+h.^.*rh ̂ .r:^,:r^ .I^*^ A^^^ ^^, :..-1:--s- IL^ ---A I^- ^ n-vu W”$jlI =AIOLII ly “ala ““ci3 I IVL III”lLc4W ,I Iti l WCI” I”, d “OLCIII~” 2-1^:1^^1 
hydrogeologic modeling effort at this time, data collected during the 
RI/FS process may identify additional data gaps or specific 
informational needs (such as fate and transport assessment) that can 
be provided by hydrogeologic modeling. If this situation occurs; NRF 
will define the objectives of the modeling work such that the identified 
data gaps and information needs are satisfied. 

This section has been included in the Work Plan in anticipation of future 
potential modeling efforts. NRF will continue working with the EPA and 
IDHW to assess the needs for hydrogeologic modeling. The decision 
to model and the model selection criteria will be made by NRF with 
review by EPA and IDHW. 

Sections 4.4.5.1 through 4.4.5.6 provide a description of the information 
required for an effective hydrogeologic modeling effort. These sections 
also include a discussion of those data that will be collected during the 
RI/FS that will be used to suaoart the modelinn effort should it become -.~rr-~. ..- ~.~---...~u -.._ -.~--.-..----~~~- 
necessary. The conceptual physical hydrogeologic model that has 
been developed for the IWD is discussed in Section 2.239. This 
conceptual model will be used to approximate and simplify the highly 
complex geology found beneath NRF. Any modeling performed as part 
of this RI/FS will also be used in the completion of the NRF site 
comprehensive RI/FS. 

4.4.5.1 Recharge 

The NRF IWD has been in operation for over 30 years, and has 
been the primary discharge site for non-sewage liquid industrial 
waste. Discharge to the IWD ranges from 150 to 300 gallons 
nar mimh innm\ nr annmuimatnlv 19r-r millinn nallnnr. r-. . . . ..-.- ,Jr.. .,, -. -rr.-- . . . ..-.-.. .-1 . -. =-. -. .- 
annually. Since the IWD, for the most part, is built on an 
alluvial plain which exhibits widely varying degrees of 
permeability depending on location; and since in some 
locations, the IWD directly overlies highly permeable basalt, 
infiltration rates through the IWD channel probably vary greatly. 
As discussed in Section 4.4.3.3, an infiltration study will be 
performed as part of the RI/FS. This study will identify 
locations along the IWD which exhibit high infiltration rates. 

In addition to the IWD, the sewage lagoon is also an aquifer 
recharge source that will be considered. NRF discharges its 
sewage and a small amount of storm water into evaporative 
.zn\.,c.na I3”nrmc Inr3.*,4 nm-thn~c+ d ttl-3 citn nncl llnnnn iE e”.r”y” ‘uy”“‘II l”““L”” I I”* .I I”)uIL “I \I I” CII.“. “1 I” ‘“Y”“. I I” 
full all year, and the other lagoon is used for overflow in the 
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spring and early summer. An estimated 12 to 13 million 
gallons of water infiltrate through the bottom of the sewage 
lagoons annually. This estimate is based GV I current discharge 
rates and estimates of evaporation rates. 

I_ __1_1?1?_- A_ ___L_--_ 1._-- &L. III LIUOILIU~I LO retinarye wurn me IVYU arm me sewage lagoons, I(.,_ .~. -I *I. 
infiltration from precipitation is also a source of recharge to the 
aquifer. NRF lies on the north central edge of the eastern 
Snake River Plain (SRP). The SRP possesses a semi-arid 
climate with NRF r~&vinn nnnrnrimatc?lv A d in&es of _ -rr ._...... - __., _. 
precipitation annually. Warm temperatures, and short duration, 
low volume precipitation events minimize the amount of 
moisture infiltrating through the surface, and eventually 
reaching the Snake River Plain Aquifer (SRPA) between the 
months of June and September. However, occasional heavy 
precipitation and snow melt in the spring also contribute to 
aquifer recharge. 

---- -. 
4.4.3.2 uwcharge 

Water leaves the SRPA from several sources. At NRF, water is 
extracted through four production wells. This water is used for 
nlant cnn,inn \.rcs+.3* Arinlrinn %..-+a* c.nrl r.+L.aw rlrrm,...+in ..-a y.“‘I. ““Ylll ,y ..“%“I ( “III ‘““‘y ,.“LII( “1 I” Y.6 or, ““Cl IT~LI” _I I” 
industrial uses. A large amount of water extracted by the wells 
is returned to the aquifer via the IWD and the sewage lagoons. 
Only water which evaporates or transpires prior to infiltration 
(including evaporation through the cooling towers), or that 
which is consumed is not returned to the aquifer. 

Evaporation rates for NRF have been estimated to be between 
36 and 40 inches per year. Transpiration accounts for an 
aaartronai 6 to 9 inches per year. Estimates for evaporation 
may be high because these figures assume a fully and 
constantly saturated surface. These figures suggest that 
approximately 2.1 million gallons of water are lost through 
a.rc.,nn+r~.nrnirrti.-.~ ‘.-m +&.a nnm -nnn 111hn Y.U~“.lcA”“~WPU”” ll”lll LIICI I..” altlL”ally. 

4.4.5.3 Top of Basalt Contours 

As part of the hydrogeolpgic investigation; a contour map of 
the top of basalt in the vrcrnity of the IWD will be constructed. 
Elevation points on top of the basalt will be estimated using 
gravimetric data. The interpretation of the gravimetric data will 
be confirmed by 25 boreholes drilled to the top of basalt. 
Additional discussion of the gravimetric survey and the 25 
alluvium boreholes is contained in sections 4.4.2.1 and 4.4.3.1. 
It is important to characterize the top of basalt for several 
reasons. During past investigations, perched water has been 
‘̂ ..^-I l - ^__.._ -1 IL- L---l&,-II :..- !-.-A--- L --.- .L -.... IVUIIU w UGGUI GIL u10 uasan~awvw~~~ ~rnw~ac;e uwwam areas 
of high recharge. If the surface of the basalt is inclined at that 
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Incntinn tha water will mm rlnwnhill anri cnlle.~t in - - - . - , . - -. -. -. - - . -. - - -. - -. 
topographically low portions of the basalt. This situation 
provides recharge to the aquifer at a location different from 
what would be expected, assuming only vertical migration, 
Knowing the contours of the top of basalt will provide insight 
into the possible interactions between natural and man- 
induced infiltration. Since recharge is an important input for 
computer models, as much data as practical must be 
obtained. 

4.4.5.4 Piezometric Data 

NRF is currently collecting water level data from approximately 
14 nearby ‘*(e!!s. Thaea rkl+s hnwa hnan rnmnilnrl kxr ME)!= 3 I .““” “..I.. In...” I”“. I ““I I ‘I*““” Y, I .I II 
through 1991, and head distribution and flow direction maps 
have been constructed (Section 2.237). These maps show 
that water flow direction in the vicinity of NRF have changed 
over time. In general, water in the SRPA flows from northeast 
to southwest, but locally, the flow direction varies in response 
to local and regional recharge events. 

4.4.5.5 Water Level Monitoring in Piezometer Wells 

Digital water level data loggers along with pressure transducers .- 
have been installed in NRF wells PS-1, PS-5, PS-6, PS-7 and 
PS-9. These data loggers will be used to collect long term 
t.rc,+c,r h,d .-h,~ ‘,,.m ,k,, rkrlh... ..i,.-r,.“...+..r ,.,,.I11 A.ill^..l ..U.Wl lllrl “a&a ll”lll LIIr a, lcul”“” plrL”l I IT,TI ““TllO “Illlr” 
during the summer of 1991. The information collected by 
these data loggers will be used to interpret the effects that 
seasonal variations in precipitation have on the perched water 
bodies. These data will also be used to determine whether the 
water obsenred in the various wells is hydraulically connected, 
and will be used as input into the hydrogeologic model. 

At present two ‘apparent’ perched water zones are known to 
be present beneath the IWD. One zone is located beneath 
wells NRF-GPS-1, 5, 7, and 9 and the other is located beneath 
NRF-GPS-6. These zones are termed ‘apparent’ because it is 
not really known if water present in the various wells is from 
^“̂  _^_^ I.-a ..,^.^_ _^_^ ^_ ̂ ^..__^ I I. :^ __A I .--...- :* .L- L___ “II= psIU113” WcLLcil LWW “I ra~“~ilal. li IS II”, n,,uw,, II LIIti LW” 
zones are actually one large zone. The collection of water 
level data from all the perched water wells will show how water 
levels in the various wells change over time for a given 
recharoe event A well-to-we!! comnarison of the resnonsa !o 
these events will be an indication of the degree of 
interconnection between the wells. This knowledge will then 
be used in making a general site-wide hydrogeologic 
interpretation. 
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4.4.5.6 Other Modeling input Parameters 

Some of the input parameters have been discussed above, 
and will be collected during the RI/FS. The remaining input 
parameters will be obtained from literature, ,or have already 
been obtainedl Additiona_! innllt data rnav ha ram~ird chmM ...r-_ --.- . ..-. -- ._ 1----- -..--.- 
modeling be done. These data may include general input 
values, such as vertical and horizontal conductivity, beginning 
head distribution, physical dimensions, and boundary 
conditions. Cell dimensions and layer thickness will be based 
on observation, and boundary conditions will be assumed to 
be a combination of constant head boundaries and no-flow 
boundaries. Additional data, referred to as sources and sinks, 
may be required. Sources would include water infiltration from .I.. I..,- ~~ ~~~ a-~~~~~ . ..~.. me IVVU, sewage lagoons, precrprrarron and other sources. 
Sinks include water extracted by the production wells and 
evapotranspiration. 

n?&! nntantial innrot n~r~rn~+~r~ am lirtm-l hdmrr hdnmr nf r-.“....“. ..*r”. r”‘.....“.“,w . ..” ,.“.“.. --,-... ‘.‘U”, “I 
these values will be obtained from sources other than from 
actual field measurements. These parameters are marked with 
an asterisk. 

Length of Source Parallel to Ground Water Flow 
Width of Source Perpendicular to Ground Water Flow 
Thickness of Source Zone 
Infiltration Rate* 
Voiumeiric Moisture Conteni in Coniaminani Zone* 
Volumetric Moisture Content in Unsaturated Zone* 
Sulk Density in Contaminant Zone* 
Sorption Coefficient in Contaminant Zone* 
n, ilk nancihr iv3 I her,, ,,~+a4 7r\nn* I”Ir. Y”S’.v., II * “I I~UIYIOLI” L”, 4u 
Sorption Coefficient in Unsaturated Zone* 
Half Llfe of Contaminant* 
initial Mass of Source Volume 
Molecular Weight of Contaminant 
Contaminant Soiubiiity Limit 
Bulk Density in Saturated Zone* 
Porosity of Saturated Zone* 
Sorption Coefficient in Saturated Zone* 
Longitudinal Dispersivity* 
Transverse Dispersivity* 
Saturated Pore Velocity* 
Well Screen Mixing Thickness 
T~:^L..^^^ ..I I ,..^^I .._^ 1-J 7-e- I I Mml ,rac3 “I VI IDa,“, atlcu &“I IEi 
Receptor Data 



IWD Rl/FS 
Work Plan 
September 1992 
Page 5-I 

5.0 REMEDIAL INVESTIGATION/FEASIBILITY STUDY TASKS ~, ~~ ~_~~~~~ 

5.1 Project Objectives 

The purpose of the RI/FS is to gather sufficient information to quantify the risk 
to public health and the environment (Baseline Risk Assessment), and to 
develop and evaluate viable remedial alternatives (Feasibility Study) at the IWD. 
The objective of the RI is to determine the nature and extent of contamination 
at the site in order to support the activities of the FS. The objective of the FS :_ ._ _I -..- I__ __A -___I_._._ _______!_I_ __-_A?_, __*:-- _,A___-1: ..__ I____2 _- 15 L” “awlup allO e”al”aLe apl.““p”ale Ie!IIe”lal auI”rl alte:rrlau”as vase” “II 
the RI data. 

5.2 Project Scope 

NRF and contractor personnel will utilize an integrated and phased approach 
for the Ri/FS. in this approach, the RI and FS will be conducted concurrently, 
with data collected in the RI influencing the development of remedial 
alternatives in the FS, which in turn will affect the data needs and scope of 
additional phases of field investigations. During the RI, data collection will be 
conducted in phases, with the results of the Baseline Risk Assessment being a 
determining factor in decisions regarding the necessity for additional phases of 
investigation. The Phase I investigation will integrate existing data with !~... ~~-. -*I .I- -. ~~~111 I. .~..I. ~~~. ~8 .I. I- ~I.~-~. I.~I~, .~~ ~-L.~ -..--- -.II-- 
lnrormarlon mar ww 0s garnerea rnrougn csrecr TIelo lnvesugartons or me 
sediment and dredge piles, targeted samples, and geophysical, geotechnical 
and hydrogeologic data. The scope of this investigation includes: 

- .&&gent and &edge pile .Samnlea. --“‘r’--. 

These samples will be collected in a systematic pattern to establish the 
contaminant levels in the sediments and dredge piles to use in the Risk 
Assessment calculations. 

- Targeted Sampling and Existing Data Evaluation: 

This effort will determine the useability of existing data. 

- Geophysical. Geotechnicai, and Hydrogeoiogic Data: 

This data will be used in assessing fate and transport of the 
mntsmin~ntr +,. tbl.3 n,m,,nA \r,a+,3, ““IILUI ,111 IUI **II .” .I 8” y’“Y’l” VEIL”,. 

5.3 Phase I Field Investigation 

The Phase I field investigation is divided into two parts: Near Surface and 
Sediment Sampling Plan; and the Hydrogeological Sampling Plan. Samples 
will be analyzed for Target Compound List (TCL) VOCs and SVOCs, Total 
Petroleum Hydrocarbons (TPH) and/or selected Total Metals. Sediment and 
soil samples will also be analyzed for CEC, Atterberg limits, percent moisture, 
and grain size distribution to determine soil physical parameters and their 
effect on contamination migration. Selected samples may also be analyzed by 
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the Toxicity Characteristic Leaching Procedure (TCLP) for metals if, Total Metal 
concentrations are greater than twenty times the TCLP limit. Soil pH tests may 
be conducted on samples using field ~investigation instrumr-ts. 

Data from the Phase I investigation will be qualitatively and statistically 
evaluated in conjunction with existing data to determine whether a Phase II 
investigation is necessary. The rationaie and scope of any Phase ii 
investigation will be discussed with and approved by the EPA, IDHW, and IS0 
project managers prior to implementation. 

53: E.--L-^^ --A C^rl:“.^r* P.......li”” mr-3.. . . GY, ,a%.s CA,,” .J~“1111SII1 .7(llllpllly r,cam 

The following tasks comprise the Near Surface and Sediment Field 
Sampling Plan: 

Surface soil (0 to 12 inches) sampling for verification and site 
characterization along the IWD 

Laboratory analysis of geotechnical characteristics of the 
sediments, soils, and bedrock materials 

5.3.2 Dredge Pile Sampling 

TL- 1-M -... :-- .__I__ _--__:__ &L_ A--i__ _:I^ ^^-^I:^^. Illtf wll”wlrly iazins G”lllp,wz LIIci wc;uyt: pw c2alllywly. 

Collect surface samples 

~olltxt sam0lc.m in the mid& of the dredgs piies 2 _.__. --... r.-- .-- 

Collect samples in undisturbed soil beneath the dredge piles 

Analysis of samples by the contract laboratory 

5.3.3 Background Sampling 

The following tasks comprise the background sampling plan. 

Identify and sample 20 background locations 

Collect samples for metals at all sample locations 

Collect TPH and SVOC samples at five of the 20 locations 

5.3.4 Hydrogeologicel Sampling Plan 

The following tasks comprise the Hydrogeological Sampling Plan: 

Geophysical Investigation 
Gravimetric Survey (with associated boreholes) 
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Alluvium Characterization 

Surface Samples 
Permeability, redox, pH, buffering capacity (BC), Cation 
Exchange Capacity (CEC), Soluble Ion Exchange 
Capacity (SIEC), Distribution Coefficient (K,,), clay 
mineralogy, particle size distribution 

Deep Samples 
pH, CEC, particle size distribution, organic% and metals 
distribution 

Perched Water Investigation 
Construct shallow wells 
Conduct pump tests on wet perched water wells (new 
wells) 
Sample perched water wells (new wells) 
Perform perched water slug tests (existing wells) 
Perform IWD infiltration study 
Measure process discharges to IWD 

Level measurements of perched water 

Geochemical Sampling of Perched Water, IWD, and Sewage 
I c.“,yyC -yv II” 

Anions, cations, nutrients, organic& and metals 

5.4 Potential Phase II Field Investigation 

If Phase I data suggests that sufficient site characterization information has 
been collected, NRF and their contractor will proceed with the risk assessment 
for the site. An RI report, presenting the Phase I data and recommendations 
of the risk assessment, will be prepared. After a review of the RI report, the 
need for implementing a Phase II investigation will be evaluated in light of the 
data requirements for the feasibility study. The RI report will be incorporated 
into the RI/FS report upon completion of the FS report. 

Additional soil/sediment sampling 

Installation of additional monitoring wells and an additional ground 
water investigation 

Treatability studies or pilot testing 
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6.0 PROJECT MANAGEMENT 

6.1 Project Organization and Responsibiiitles 

This section provides the proposed organizational structure for completion of 
the RI/FS work. This structure involves the use of Westinghouse Electric 
Corporation’s NRF personnel for project management. A  subcontractor will be 
hired by NRF to complete the actual investigative steps of the RI/FS. Figure 
6-1 provides an organizational chart. EPA, IDHW, and DOE Project 
Management roles and responsibilities are presented in Section 4.0 of the --_ ,^^ t-i-~jlru action pian. 

6.1.1 Position Descriptions 

IBO Remediation Project Manager, R. D. E. Newbry 

The IBO Remediation Project Manager (RPM) shall oversee the 
implementation of the FFA/CO for 180. All communications 
with the EPA and IDHW, including documents, reports, 
approvals, and other correspondence concerning the RI/FS, 
shall be directed through the IBO RPM. The I60 RPM is also -----.. the uut HPM tor aii remediaiion work at NRF. 

6.1 .I.2 Westinghouse Electric Corporation - NRF 

p$y Dm.“.F.rn Lbnorm, I \A, onrcitn. I ,uyaa,,, ‘.‘r2,‘-+j”, L. . . . I I”“I,L”I 

The NRF Program Manager has overall responsibility for 
assuring that the project meets objectives and quality 
standards. In addition, he is responsible for technical quality 
control and project oversight, and will provide the WAG 
Manager with access to corporate resources. 

WAG Manager, R. W . Nieslanik 

The WAG Manager directs and supervises the various RI/FS 
component activities for the NRF. Included in this 
responsibility is the monitoring of RI/FS progress, review and 
---_^..^ I -‘ ^,I ^..L^^iU^L I,. l b... rnr3L” ^“A  +b.,. I..I*l.,e I A  ,ka appuvcl “I a,, J”“,,I,,,cLIJ ,” II,= nrw,, CI,,” L,,W  o.fJ~,““~, “I LIII 
scheduling and budgeting of RI/FS activities. The WAG 
Manager performs the important function of arbitrator of 
differences between the Project Quality Assurance Director and 
the Project Engineer. 
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Figure 6-l Organizational Chart for Conducting the !WD R!/FS 

1 Westinghouse Electric Corporation Personnel 

II 2 Field Subcontracted Personnel 
3 Analytical Laboratory Subcontractor Personnel 

Ti3E - To be established 
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Project Engineers, S. D. Lee and K. D. Willie 

The Project Engineers (PE) for NRF shall m=nage daily RI/FS 
field activities. The Project Engineers’ responsibilities include 
the management of RI/FS schedules, and the review and 
approval of submittals to the WAG Manager. The Project 
Engineers are responsible for assuring that information and 
data necessary for quality assurance evaluations are provided 
to the Project Quality Assurance Director. The PEs will oversee 
the major subcontract issues to complete the actual : ̂ ..^ ̂ .:^^u^- --A ^.,^ I..^&:^_ _A--- -z .L- “l ,I-” IL- nr- --- I~wcx%lyau”~l a I” e”aI”aLI”II awpa “I II IV “I, TJ. I rle rcs art! 
also responsible for assuring implementation of project internal 
and external audit corrective actions. The PEs will also 
supervise drilling and well installation, ground water testing, 
and !oaoinn of all hnrinna~ mher nctivitian am-i racnnncihilitiar _ _ _ - -.. _ _ .= _ - _......_ - -..- .--P -..-.-.....-- 
associated with data CA/CC of the PEs are listed in Section 2 
of QAPjP (Appendix 6). 

Analytical Laboratory Coordinator 

The Analytical Laboratory Coordinator shall be the direct 
interface with the analytical laboratory. The Analytical 
Laboratory Coordinator responsibilities shall include 
coordinaiion of the subcontract with ihe iaboraiory, 
coordination of sample shipments, coordination of receipt of 
completed data packages, and resolution of corrective actions 
noted with respect to analytical laboratory operations. 

NRF Support Personnel 

The NRF Support Personnel shall report to the Project 
Engineers. These individuals will perform daily work efforts as 
necessary and follow the RI/FS subcontractor activities. In 
addition, these individuals will identify and resolve operational 
problems associated with this investigation. 

6.i .i .3 Subcontractor Personnei 

Subcontractor Project Manager 

Th,2 C,,kmnt.~rtnr D.,-.inr+ h”c.n~.n.,r ICDL”\ rhc.ll h- +5.- m-in . I l” Y”““Yl I1IU”L”I I ‘“,.3”L ,.,cv ‘cay” \&a’ 8.8, a, ma11 YW LIIW 111ca11 I 
contact between the subcontractor and NRF. The SPM shall 
direct all activities of the subcontractor personnel. The SPM 
shall assure all RI/FS work tasks are completed and schedules 
maintained. 

Quality Assurance Director, Subcontractor Employee 

The Quality Assurance Director, Subcontractor employee 
@ADS) shall report directly to the Subcontractor Project 
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Manager, and shall maintain an independent management 
status equivalent to that of the Field Manager. The QADS 
primary responsibilities are to perform audits of all RI/FS 
activities for total quality, and identify those practices which are 
not in compliance or consistent with the standard of total ~~~~-1s.~~ ~-~~~-~~.~~,I~ ~&I-~ A.-.-.~~ ~~~ ~~.. -~L.~ quamy represenreo my me urn-p- TOT correcwe acwm. 

Data Manager 

The Data Manaonr is resnonsihln for m;m;mino all RI/F!? data --.- ..-..- .z-. .- .-- r--.---.- s.- .u -.- .- I - ---- 
activities including data validation, review, and evaluation. The 
Data Manager is also responsible for implementation of data 
management audit corrective actions. The Data Manager is 
responsible for providing reports describing analytical quality 
control problems asso,qiated with data validation and review 
which are encountered, and the corrective actions taken. The 
Data Manager will work with the NRF PEs to manage the 
interface with the subcontracted Analytical Laboratories. 

Field Manager 

The Field Manager is responsible for all field activities 
sccn&+d with thn RI IFS inr-It dinn ha I+ nnt limitnrl tn the ..““.,“.,..“” ..,. ., .,.” , .., , - ‘...,.“...‘.J, ““. ..“. ,,.....“” .“( . ..” 

collection of surface water, ground water, well water, sediment, 
and soil samples. The Field Manager is also responsible for 
the accuracy of all field-related documentation including field 
log books, driller’s logbooks, sample labels, and Chain-of- 
Custody records. 

Health and Safety Offtcer 

The Heaittn and Safety Officer shaii impiement ine r-ii/t5 neaiin -. .-- 

and Safety Plan, identify deviations from anticipated conditions 
described in the plan to the Field Manager for corrective 
action, and authorize the cessation of work, if necessary. The 
Uarl+k ?...A E.4..+., n*rnr r&.-l, IlCClI.,. +k*+ k..,F.l+k .TnA r.da+., I 1~ca1111 _I,” “o.WL~ “III”CI .aI 1cl11 CIllVll LI I_. Il.zcIIU I -0 I” ee.‘cLy 
monitoring equipment is operating properly and confirm that 
subcontractor personnel working on-site have the proper 
medical surveillance program and health and safety training. 
The Health and Safety Officer shall perform internal health and 
safety audits. 

Data Validator 

The Data Validator is responsible for review and validation of all 
analytical data submitted by the analytical laboratory. The 
Data Validator shall review data packages to assure 
compliance with the standards of accuracy, precision, and 
^^-^,^.^^^^^ ^..^^:‘:^A :.. ,I.^ nnm:cI C”, I IfAnrl IToa r~~tiwr” II I LI SC2 unr ,’ 



IWD RI/FS 
Work Plan 
September 1992 
Page 6-5 

Data Reviewer/Evaluator 

The Data Reviewer/Evaluator shall review -hd evaluate all 
validated data. This includes the identification of sample 
results outside the normal range, the identification of adverse 
data trends, and comparison of data to applicable standards. 
The Data Reviewer/Evaluator is also responsible for directing 
the Technical Assistant in the incorporation of data into the 
project data management system. 

-~I~*- ~. rrero r ecnnicians 

The Field Technicians shall be responsible for all environmental 
(water, soil, sediment, air, etc.) samples collected as part of 
the R!,/F.s. The Fi&j Technicians wi!! dcn ha rnennncihlc, fnr -.-” ..- I--p.,, .“.“.” .“. 
the calibration and maintenance of all field sampling 
equipment, including equipment decontamination. 

Technical Assistant 

TheTechnical Assistant shall be responsible for setting up the 
database system, inputting the validated data, and providing 
data output in the formats required for various RI/FS 
evaiuations and documentation. 

6.1.2 Project Personnel Responsibilities 

I... . .V,YY.. YI1”IIIS~I III”“I”I” ..,..I LIIW ,“,’ ” aIs2 ‘“TV”*‘“” I”,. AI, Drlrisrt Dsrrnnnsl in.rrrhmrl wi,k the 01 /GE -Jve me.nn..rihl.r ‘..r. 

Complying with the requirements of the QAPjP 

Identifying to the QAD. PE. or WAG Manager any special 
quality assurance problems which they cannot appropriately 
address to their immediate supervisor. 

6.13 Multiple Positions 

A qualified person may be used to fill more than one position if, in the 
opinion of the WAG Manager, this would not impact the quality or 
schedule of the work, and requisite independence is not compromised. 
,..Ai.,iA ,,-,a ..A^ El, _^_^ ,L^^ ^^^ _^^:I:^- - ..^. L^ _..^ lili_A I__ _I, ___-2. II~“IYI”“cll.a ““II” ,111 lll”lrj u,a,t “,,Fi pvwu”” III”ca, “tl quallll~” I”, a,, W”,ll 
they are to perform. 

6.1.4 AnalytIcal Laboratory 

Most of the analytical laboratory services will be provided by 
Wadsworth Alert Laboratory in North Canton, Ohio. The QA Program 
Plan for this laboratory is provided in Appendix D. The coordination of 
technical issues between NRF and the analytical laboratory will be 
handled by the Analytical Laboratory Coordinator (ALC) and contractual 
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issues will be handled by NRF Purchasing. The responsibilities of key 
laboratory personnel are provided in the Section 2 of the QAPjP 
(Appendix B) and laboratory QAPP (Appendix D). 

Chen Northern Inc., Billings, Montana, has been subcontracted to --A-~~-. *L- I-I- ~~.~ penorm me raooratory WO<K associated with ine geochemicai anaiyses 
discussed in the hydrogeological investigation (see Appendix D). 

In addition to the analytical laboratories, a subcontract has been placed 
with nanid R Stanhnnc nnrl Accnrintae tn nartnrm thrr nkvcirrl . - -...-. -. -.-r ..-..- -..- , .-1--.-.-1 .- r-..” . . . . ..- r ..,-, ““, 
property analysis work identified in the FSP (Appendix B). This 
laboratory subcontract was placed through the Field Subcontractor and 
approved by NRF. The physical properties laboratory has submitted a 
Quality Assurance Program Plan for NRF review and incorporation into 
the Project Files. 

6.2 Project Coordination 

. . ..^ . . Tne wAti Manager is ine primary poini oi coordination ior the project. 
Communications between the Field Subcontractor, the Subcontract 
Laboratories, and the RPMs go through the WAG Manager. The FFA/CO 
states that a monthly report is required to update the RPMs on the status of all 
w,,rk ,,n,,er tha FF,, ,Cn Tka mnn+hl\r rannrt t-r +,-,a I\,,,,-, c), /EC on,, 41 ..-... “,.““. . ..“. . ,.,.,-. III” .“V”.‘“, ,rp,y,. I”, .I,” I..” I ,,,’ Y “II” c&I, 
remediation work at NRF will be issued as part of the INEL monthly report. No 
separate routine status reports will be issued by NRF. All correspondence 
between NRF and the RPMs will go from the WAG Manager to the IBO RPM, 
and then to the EPA and IDHW RPMs. 

All coordination between the subcontractors and NRF will be through the 
Project Engineers and then to the WAG Manager. NRF Purchasing will be kept 
informed of all discussions between the subcontractors and NRF. 

Communications between all parties will be documented with either 
memoranda to file, telephone conference reports, or formal letters. These 
communication documents will be placed in the Project File. Those 
rlnr, ,mnn+r ,hn, dfsrt ,hn ,smarli~+irm Aariri,... will dc,. ka nl*.raA in +L.n .d”““III”II.” .I.%.. “II”“. LII” 1”IIIY”I”II”II “IYlcIl”lI v.111 USI” “I v’a”‘” III LIlW 
Administrative Record. The DMP (Appendix i3, Part C), the FFA/CO, and 
Guidance for Conducting RI/FSs Under CERCLA will be consulted to 
determine what documents should be placed in the Administrative Record. 

6.3 Schedules 

Figure 6-2 provides the detailed schedule for this project. This schedule 
provides both a baseline schedule to meet the requirements of the FFA/CO, 
and a working schedule which has been developed to accelerate the 
completion of this RI/FS. The working schedule is based on sample collection 
as described in the FSP (Appendix B, Part A) during the 1992 field sampling 
Ca.Jc.An It /c in+anr(mrl +b.r+ 1111 A + m I m^eLllen, *e. r^.srl^+^ ,L.,i^ PI /TP ,.A,, b.- G?CLICI”II. II I- IlllrlI”w” ,,,a, CZII “CILEI ,,rrr*.xamy L” ~“~~qJ’~‘~ LIllul ‘“, u ““$11 UT 
collected at this time. However, the baseline or FFA/CO schedule provides for 
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some additional follow-up sampling in the spring of 1993. This effort will take 
..,c.F.m ,...I,, :‘ e:r..x,.....+ ,-A,.+,. “̂ _^ -*^ :.-^“+:‘:^A A pea”” “I uy II my, ,,,,rCL, II “aLa yap a,r lurl I,IIIT” UUlll ,y ,I ,cz F(“a.I”aLI”I I “I ,I ,ci ..A_^ &k^ ̂ ..^I..^&:^^ ^I al.- 
data collected in 1992. Every effort will be made to ensure that adequate data 
is collected in 1992 so that the accelerated working schedule can be met. The 
following is a brief description of the major elements of the schedule. 

6.3.1 Remedial Investigation 

NM’s procurement actions will lead to a September 1992 start of the 
RI work. This work is preparatory to the FS during which the 
alternatives identified during the RI are reviewed. The RI is composed 
of the following tasks: 

- Collection of field data 

- Evaluation of data 

- Preparation of Baseline Risk Assessment 

- Writing the RI report e 

- Review by Environmental Remediation 

- Review by Ii30 

- Review by the EPA and IDHW 

IL_ __,,__. :__ -am.,> A_*. !_ ..L..,~~I.~~~~~_~.*~~~~I~~ ~I.~~~ ~I- .I~ ,~ I rrtr uorrr~osor~ VI rcero oara 1.5 scneoureo ror oepremoer rnrougn novemoer 
1992. This involves drilling and boring for approximately 41 days with a total 
footage of approximately 3.200 feet. Samples from the drilling and boring will 
be shipped to a subcontractor analytical laboratory for analysis. The results of 
tha lah zmnlv& will ha 0 ~cnr( cte s hsrcic tnr PWA/I mtinn anrl nransrstinn nt tha . ..- .-- -..-.,-.- . . . . . _” “--- _” _ -_-,- ,“, v.x.““..“.. “.,” r.“P....,..“.’ “, .I.” 

baseline risk assessment. 
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After completion of the data evaluation portion of the RI, the FS work will 
begin. The time frame for this task overlaps the RI work, and is scheduled 
from December 1992 to October 1993. Tasks included in this work are: 

- Conducting initial screening of alternatives 

- Conducting the FS 

- Writing the draft FS report 

- NRF and Bettis review 

- Review by IBO 

6.3.3 RI/FS Report 

This task combines the findings from the RI and FS. The scheduled time 
frame for this work is from October 1993 through April 1994. After preparation 
of the draft RI/FS Report, it will be reviewed by 180, the EPA, and the IDHW. 
Comments from these reviews will be incorporated, and acceptance of the final 
report is scheduled in April 1994. 

6.3.4 Proposed Plan 

TL^ n _--^-- _I n,__ rn”, __*:I:-__ .L_ xt-_I?--- x--- .L_ -I Irn .--- 2 --A I IIC) rrupuseu l-la,, \“, “IIIILe:S UIU IMI”IINJS W”111 uw “l/K? rapur~. till” 
proposes a scenario for the clean up of the exterior portion of the IWD. The 
preparation of the PP is scheduled to begin in October 1993, while the RI/FS 
report is still in preparation, and end in July 1994. 

6.3.5 Record of Decision 

The ROD is the final document prior to field clean-up actions. The PP is used 
as the basis for the ROD. During the preparation of the ROD, the public will 
be given one month to comment on the PP. Public concerns will be 
incorporated into the draft ROD. After review and incorporation of IBO and 
EPA/IDHW comments, EPA/IDHW will accept the final ROD; this is scheduled 
for March of 1995. 
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